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THE COMBINATION OF A PRIMARY APPETITIONAL 
NEED WITH PRIMARY AND SECONDARY 
EMOTIONALLY DERIVED NEEDS! 

BY ABRAM AMSEL? 

From the Psychological Laboratory, University of lowa 


INTRODUCTION 
General Background of the Experiment 


In general, contemporary psychol- 
ogical theorists (e.g., Hull, Tolman, 
Lewin) are agreed that behavior is a 
function of two main classes of vari- 
ables: (1) learning or cognitive factors 
and (2) motivational or drive factors. 
Agreement also seems to extend to the 
conception that these two classes of 
variables combine according to some 
type of multiplicative function to de- 
termine the response value of the 
moment. In such a _ formulation, 
neither of the two sets of variables 
acting alone is regarded as being able 
to evoke a response; that is, a zero 
value of either implies that no re- 
sponse will occur. 


Lewin (4) and White (13) have ex- 
plicitly assumed the above type of rela- 
tionship and have introduced the con- 


1 This paper is a portion of dissertation sub- 
mitted to the Department of Psychology of the 
State University of Iowa in partial fulfillment of 
the requirements for the Ph.D. degree. The 
writer is indebted to Professor Kenneth W. 
Spence for advice and assistance throughout the 
investigation. 

2 Now at Newcomb College, Tulane Univers- 
ity. 


struct of psychological force (F), defined 
as a joint function of learning (cognition) 
and motivational variables, as the im- 
mediate determiner of behavior. Hull 
(2) has likewise elaborated a behavior 
theory which makes the assumption that 
the response is a multiplicative function 
of these two sets of factors. Basing his 
theory on simple conditioning studies 
(10,14) which showed that response 
strength depended upon (1) the number 
of previous reinforcements (learning) 
and (2) number of hours of food depriva- 
tion (drive), Hull proposed the following 
assumptions: 


R= f(sEr) 


Hi D 
sEn =! RX 
100 


sHp = f{(N, Ts, Tg, Mg, etc.) 
D- = f(Td) or (Ms) 


where R = response measure, ¢.g., 
number of trials to ex- 
tinction, frequency of re- 
sponse, etc.; 
sEr = excitatory potential, a 
theoretical construct de- 
fined in terms of gsHpz and 
D; 
sHpz = habit strength, a theoret- 
ical construct defined in 
terms of the number of 
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trials and other manipul- 
able variables; 

Ts =the time the conditioned 
stimulus is acting before 
the occurrence of the re- 
sponse to be learned; 

Tg =the time of delay of pres- 
entation of the goal object 
after the occurrence of the 
response; 
the magnitude of the goal 
object; 

a theoretical construct, 
drive strength, defined as 
a function of Td or Ms; 

time of deprivation of a 
goal object or goal objects; 

Ms = the magnitude of stimula- 
tion. 


The construct D in the above formula 
represents the strength of the total ef- 
fective drive state assumed to be operat- 
ing in an organism at any given moment. 
In any experimental situation, this value 
D may be contributed to by a number of 
specific needs (hunger, thirst, anxiety, 
etc.). Hull designates that portion of 
the D contributed by the relevant need * 
present in the organism as D and that 
portion contributed by any other ir- 
relevent need or needs as D. In terms of 
these different sources contributing to it, 
D has been tentatively defined by Hull 
as follows: 


D+ D 
D + 100 


D= 


where D = drive strength contributed 
by the relevant need state; 
D = drive strength contributed 
by the irrelevant need state 
or need states. 


The above equation represents, then, a 
first guess at a law describing the manner 
in which need states combine to produce 
the total drive strength. This relation- 
ship was formulated at a time when there 


4A relevant need or motivation is defined as 
one which is rewarded (or reduced) by the re- 
sponse under consideration; an irrelevant need 
of motivation is one which is present in the 
organism at the time the response occurs but is 
not itself reduced by that response. 


was very little, if any, experimental basis 
for such a law of drive combination. 
Since that time a number of studies, 
motivated by Hull’s hypothesis, have 
provided some evidence bearing on the 
problem. 

A study by Kendler (3) has indicated 
that relevant and irrelevant drives, 
based on hunger and thirst respectively, 
summate in the manner described by 
Hull for a portion of the irrelevant drive 
values employed. Thus, the combina- 
tion of irrelevant drive va'ues ( D), re- 
sulting from 3, 6, and 12 hours of water 
deprivation, with a relevant drive value 
( D), resulting from 22 hours of food de- 
privation, resulted in the expected in- 
crease in the total effective drive state 
(D), as measured by a lever-pressing 
response. When, however, an irrelevant 
thirst drive value ( D), based on 22 hours 
of water deprivation, was combined with 
the 22-hour hunger drive value ( D), there 
resulted, instead, an actual decrease in 
D, as inferred from the response measure 
which was employed, i.e., the response 
measure with both of the strong drives 
operating was less than that when only 
food deprivation was the antecedent 
motivational condition. These results, 
then, tend to support Hull’s hypothesis 
as to how relevant and irrelevant drive 
values summate up to and including the 
point at which the irrelevant thirst drive 
value is based upon 12 hours of water 
deprivation. At 22 hours of deprivation, 
however, the results are not in agreement 
with Hull’s formulation. 

In a somewhat similar experiment to 
Kendler’s, Siegel (11) trained a group oj 
white rats to depress a lever for food 
under a 22-hour hunger drive. The 
subjects were then extinguished in two 
groups, one under a drive based upon 22 
hours of food and 22 hours of water de- 
privation, the other under only a 22-hour 
hunger drive. The difference between 
the groups, in terms of the number of 
responses to a criterion of extinction, was 
found not to be statistically significant. 
The difference was, however, in favor of 
the latter group, i.e., the group motivated 
only by hunger required more trials to 
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extinguish than the other group with the 
additional irrelevant drive. The results, 
it will be observed, are in essential agree- 
ment with the findings of Kendler. 

In each of these investigations, the 
combined action of the same two primary 
motivational states, hunger and thirst, 
was studied. It is conceivable that the 
combination of these two closely related 
needs involves some form of physiological 
interaction which would not be operative 
in other combinations of need states. 
In other words, it is possible that for 
need combinations other than hunger 
and thirst, Hull’s formula may be a more 
or less adequate statement of the manner 
in which drives combine. 

One further study involving these two 
needs, hunger and thirst, has been re- 
ported by Webb (12). In this experi- 
ment, white rats under hunger motiva- 
tion were trained to push against a 
hinged doar to obtain food. On the day 
following the completion of training, the 
subjects were satiated for food and 
divided into four subgroups which were 
deprived of water for 0, 3, 12, or 22 hours. 
In terms of the number of trials to ex- 
tinction, the strength of the tendency to 
push open the door was directly (and 
linearly) related to the strength of the ir- 
relevant need. This finding is more or 
less in agreement with Hull’s drive sum- 
mation formula (where D equals zero), 
and it will be noticed that the physi- 
ological type of interaction suggested 
above would presumably not be present 
in view of the absence of one of the need 
states (relevant). 

Considerably more research is needed 
with a variety of need combinations. 
In all of the studies cited above, two ap- 
petitional needs were combined. Fur- 
ther studies employing different appeti- 
tional needs and combinations of ap- 
petitional with emotionally derived 
needs, such as pain from noxious stimu- 
lation, are necessary. There is also a 
necessity for studies involving secondary 
motivational states in combination with 
other needs. That habit structures can 
be activated by learned or acquired 
(secondary) needs, there can now be little 
doubt. One such motivational condi- 


tion, anxiety,‘ has been more thoroughly 
investigated than others (6, '7, 9), and is 
particularly easy to control experiment- 
ally. 

It is entirely possible, of course, that 
there is no one single law which will fit 
all the various kinds of need combina- 
tions. It may turn out that the ap- 
petitional needs combine in one manner, 
the aversions in another, while a still 
different rule may hold for the combina- 
tion of drive value based upon appeti- 
tional and emotional motivations. 


Purpose of the Experiment 


The present experiment was de- 
signed primarily to provide further 
data on this problem of the manner in 
which relevant and irrelevant needs 
combine to effect response strength. 
In one part of the study, the effect on 
response strength of combining an ir- 
relevant hunger need with a relevant 
primary need to reduce pain was 
measured. A second part of the 
experiment investigated the effect on 
response strength of combining an ir- 
relevant hunger need with a relevant 
secondary need to reduce anxiety. 


! 
EXPERIMENTAL PROCEDURE 


Subjects 


The subjects for the present experiment were 
112 male rats from the colony maintained by 
the Department of Psychology of the State 
University of Iowa. The ages of the animals 
ranged from 70 to 105 days on the first day of 
preliminary training. The animals came from 
28 litters in all, the number of male animals in a 
litter ranging from one to six. They were as- 


‘Anxiety has been defined by Mowrer (8) 
and will here be defined as the conditioned form 
of the pain reaction. Hence stimuli which are 
consistently present when a noxious stimulus 
gives rise to the pain reaction come, in time, to 
evoke that implicit reaction even when the 
noxious stimulation is not present. The re- 
sponse produced stimulation from the condi- 
tioned pain response becomes a motivational 
condition, and there is present a need in the 
organism, at that time, for anxiety reduction. 
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signed to eight conditions at random, and since 
the maximum number per litter was six, no two 
animals from the same litter were ever assigned 
to the same experimental condition. It was 
felt that such a procedure would tend to mini- 
mize the possibility of sampling bias. 


Apparatus 


The apparatus, shown in Fig. 1, consisted of a 
white starting box with a grid floor, seven and 
one-half in. long and four in. wide, and a con- 
necting straight, white runway, 60 in. long and 
two and one-half in. wide, also with a grid floor. 
The runway opened into a black goal box with a 
wooden floor, 13 in. long and four in. wide. The 
bars of the grid in the starting box and runway 
were spaced one-half in. apart to insure that the 
shock circuit would not be shorted by animal 
droppings. The starting box and runway were 
covered with plexiglas to prevent the Ss from 
avoiding the electric grid by clinging to the top 
of the apparatus. A sliding door (D1) prevented 
retracing from the runway to the starting box. 
A swinging door (Dz), located at the entrance to 
the goal box, was arranged so that it opened only 
from the runway into the goal box and not in the 
reverse direction. At points P1 and P2, six 
inches from the starting box and goal box re- 
spectively, were located microswitches, so ar- 
ranged that they were activated when the animal 
passed over these points on the runway. The 
switches were connected to a Standard Electric 
timer in such a manner that the activation of 
the switch at Ps started the clock and the activa- 
tion of the switch at P2 stopped it. In this 
manner a response measure of running time was 
obtained, i.e., the time taken by the animal to 
traverse the middle four-foot portion of the 
runway. 

Illumination was provided by a 20-watt 
fluorescent unit which was suspended four and 
one-half ft. above the runway at a point directly 
above the second microswitch (P:). A shade 
arrangement provided a diffuse light over he 


entire apparatus. At a point directly above the 
first microswitch (P1), and six in. from the top 
of the runway, a seven and one-half watt bulb 
was located. The light from this source was 
manipulated by the experimenter by means of a 
foot-pedal switch. 

The electric grid was activated by means of a 
direct current, the source of which has been de- 
scribed elsewhere (1). Variations in the bodily 
resistance of animals placed in series with this 
circuit resulted in no appreciable change in the 
magnitude of the current. 


Preliminary Training 


The entire experimental sequence for any 
group of Ss, including preliminary handling and 
training, lasted 13 days. The collection of data 
occurred only during the last three days of this 
period. 

Of the 13~day period, days one through seven 
were devoted to handling the animals and ad- 
justing them to the necessary feeding schedule. 
During this period, and throughout the re- 
mainder of the experiment, the Ss were fed eight 
ym. of food (Purina Dog Chow) per day in indi- 
vidual feeding cages. They were fed at the time 
of day corresponding to that at which they 
would be fed during the experimental days. 

On days eight and nine of the experimental 
sequence, in addition to the feeding and handling 
procedure the Ss were given preliminary training 
to promote the necessary stage of adjustment to 
the apparatus. This consisted in permitting 
each S to explore the various sections of the 
apparatus and to become adapted to the carry- 
ing cage in which they were to remain between 
trials on the experimental days. Each S on 
each of these two days was given an hour of this 
kind of adjustment training: 15 min. in each of 
the three sections of the apparatus, and 15 min. 
in the carrying cage. 

The procedure on day 10 was designed to 
adapt the Ss to entering the goal box from the 
runway by pushing the swinging door which 
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separated these sections of the apparatus. It 
was felt that this procedure would reduce the 
variability of response measures on the following 
experimental days. The procedure followed in- 
volved two stages: (1) S was put into the run- 
way facing the swinging door which led into the 
goal box. The door was swung about half-way 
open by the experimenter, the animal being re- 
quired to raise it the remainder of the way to 
enter the goal box; (2) S was then placed in the 
starting box and the sliding door into the run- 
way was raised as the grid was charged with a 
current of 50 microamps. S escaped the shock 
by entering the goal box through the swinging 
door. 


Variables Determining the 
Experimental Groupings 


Prior to day 11 the Ss were assigned at ran- 
dom to one of eight groups. ‘These groups were 
differentiated according to: (1) the strength of 
the irrelevant hunger motivation during the 
trials on days 11 and 12, when the Ss were 
trained to run out of the starting box, down the 
runway and into the black goal box under rele- 
vant pain motivation; (2) the strength of the 
relevant pain motivation on days 11 and 12; 
(3) the strength of the irrelevant hunger motiva- 
tion on day 13, when the Ss made the same run- 
ning responses in the absence of shock, i.¢c., when 
anxiety was the relevant motivation. Two 
strengths of the irrelevant hunger state were 
employed, one the result of zero hours of food 
deprivation, the other the product of 22 hours of 
deprivation. ‘Two levels of shock were employed 
through days 11 and 12. The weaker value will 
henceforth be termed Shock W, the stronger, 
Shock S. These shock conditions will later be 
described in more detail. Table I indicates the 
basis upon which the eight groups were differ- 
entiated.® 


Method on Experimental Days 


Days 11 and 12; The procedure on these two 
days was identical. Each S ran 10 trials from 
the starting box, down the runway, and into the 
goal box. The Ss of the eight groups were run 
under the shock level and the irrelevant drive 


§ During days 11 and 12 of the series (shock- 
hunger trials) only four groups can be differ- 
entiated, since when only the first three columns 
of Table I are considered, we find that groups 
A and B are the same, as are C and D, E and F, 
andGandH. In dealing with the results of the 
shock-hunger trials, then, the four groups will be 
designated as follows: (W-o), (W-22), (S-o), and 
(S-22). 


TABLE I 


VariaBLes Determininc E:icut Groups 








Td Days 11 Td Day 13 


and 12 
(Irrelevant 
(Irrelevant Need) 


Need) 

















(hunger) level indicated in the second and third 
columns of Table I. The level of shock for the 
Shock W groups was 60 microamps at the outset 
and was raised, by steps, through days 11 and 12 
to go microamps. For the Shock S groups, the 
shock level at the outset was 85 microamps, and 
was raised in a corresponding manner to 130 
microamps. ‘This procedure was followed in an 
attempt to counteract the effects of adaptation 
to shock in the Ss. For each S, the first three 
trials on each day were run with the same 
strength of shock, as were the middle four and 
the last three of each day. For the Shock W 
subjects, the shock strength went from 60 to 70 
to 80 microamps on day 11, and from 70 to 80 to 
90 on day 12. For the Shock § subjects, the 
sequence of shock strength was 85 to 100 to 115 
on day 11, and from 100 to 115 to 130 on day 12. 

On any one trial the following procedure was 
followed: 


(1) S was placed in starting box and five sec. 
were allowed to elapse. 

(2) E turned on light near the starting box. 

(3) After light had been on three sec., E raised 
door of starting box with a sharp snap and 
immediately activated the grid with electric 
shock. 

(4) S was shocked until he entered the goal box. 

(5) S was allowed to remain in the goal box 30 
sec. while running time was read. 


The Ss were run in groups of five, and the 
average time taken to run five animals 10 trials 
each was about 60 min. ‘The time elapsing be- 
tween successive trials for the same animal was, 
then, about 5 min. 

Day 13: The procedure on days 11 and 12 
served (1) to provide data bearing on the effect 
on response strength of combining two primary 
motivational states, shock and hunger, and (2) 
to condition an anxiety response in the Ss to the 
stimuli in the starting box and runway. ‘The 
procedure on day 13 was designed to provide 
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data relating to the effect on response strength 
of combining a primary motivational state 
(hunger) with a secondary motivational state 
(anxiety). On this day, the groups were run 
under the food deprivation condition indicated 
in the last column of Table I. One trial, the 
first, was run with shock—the Shock W animals 
were administered a shock of 80 microamps, the 
Shock S$ animals 115 microamps. Following this 
one shock trial, 15 trials were run with each S, 
no shock being employed. The procedure for 
each trial was, in all other details, identical with 
that followed on the previous shock trials. 

In the event that an animal had not entered 
the goal box after 60 sec. had elapsed, on day 13, 
it was removed from the runway, placed in the 
goal box for 30 sec., and rerun on the next. se- 
quence of trials. A running time of 60+ was 
assigned in such instances. 


REsuLTs 
Effects of Combining Shock and Hunger 


The response measure employed in 
this and the succeeding section was 
running time, i.e., the time taken for 
S to traverse a four-foot portion of the 
runway. Curves showing this meas- 
ure as a function of trials for the four 


MEDIAN RUNNING TIME IN SECONDS 





groups of Ss under different hunger- 
shock conditions are presented in Fig. 
2. The break in the curves between 
trials 11 and 12 represents the passage 
of 24 hours between experimental 
days 11 and 12. The curves are dif- 
ferentiated with respect to the degree 
of relevant (shock) and irrelevant 
(hunger) motivation. For instance, 
the group designated (S-o) performed 
under a motivational condition re- 
sulting from the combination of the 
stronger of two shock levels with a 
zero hr. hunger drive; the group des- 
ignated (W-22) was motivated by the 
weaker of two shock levels combined 
with a hunger drive resulting from 22 
hr. of food deprivation. 

An examination of Fig. 2 reveals 
that the most striking differences in 
running time are between the two 
shock levels with or without the 
added irrelevant hunger drive. The 
differences resulting from the two ir- 
relevant hunger drive values are not 
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80 great nor so consistent in direction. 
On the first 10 trials (day 11), the 
curves for the two hunger groups, at 
both shock levels, practically overlap. 
On the last to trials (day 12), the 
curves for the two hunger levels, at 
each of the shock values, appear to be 
more distinctly separated. The dif- 
ferences are not, however, in the same 
direction. In the case of the weaker 
shock, the 22 hr. hunger curve is con- 
sistently below that of the zero hr. 
hunger group; at the stronger shock 
level, the reverse is true, except for 
the inversion at one trial. 


TABLE Il 


Mepian anon Mean Runninc Trwe Vatues 
ror Two Response Measures * 





Last 10 Trials 
Group 





Median 





W-o 
W-22 
S-o 


1.40 
1.31 
1.06 
1.11 


1.33 
III 
1.13 








S-22 








* These are the medians and means of 28 
scores in each group, each score itself being the 
median running time of a particular S over the 
portion of trials indicated. 

** The variances of groups W-o, W-22, S-o, 
and S-22 with this measure were 0.25, 0.09, 0.13, 
and 0.06 sec. respectively. 


In order to perform a statistical 
analysis of group differences, a single 
response measure was obtained for 
each subject. This measure was the 
median running time for the S over 19 
of the 20 trials run in this condition, 
i.e., over all trials except the first. It 
was felt that such a median would be 
a stable measure of the performance of 
each animal. In Table II are pre- 
sented the means and medians of the 
measures indicated above for each of 
the four groups. 

The design of the present portion of 
the experiment was such as to lend 


itself to a 2 by 2 factorial analysis of 
variance, where level of shock is one 
variable and degree of irrelevant 
hunger drive in the other. Since 
homogeneity of variance is a necessary 
condition if the analysis is to be a test 
of mean differences, Bartlett’s test of 
homogeneity was applied to the vari- 
ances of the four groups of scores. 
This test yielded a chi-square value of 
14.58. With three degrees of free- 
dom, a chi-square this large would be 
obtained by chance less than once in 
100 times. The hypothesis of homo- 
geneity of variance was, therefore, 
rejected and the analysis of variance 
technique was contra-indicated as a 
test of mean differences in this in- 
stance. 

A non-parametric test, described by 
Mann and Whitney (5), was finally 
employed to test the null hypothesis 
with respect to the four groups.* Un- 
like analysis of variance, this test does 
not permit the analysis of the effects 
of two variables at once. Since it was 
desired to test the null hypothesis with 
respect to irrelevant drive conditions 
holding the relevant (shock) drive 
level constant, and to test the same 
hypothesis with respect to shock con- 
ditions holding the irrelevant (hunger) 
drive value constant, the U test was 
applied between the following groups: 
(W-22) and (W-o), (S-22) and (S-o), 
(W-22) and (S-22), and (W-o) and 
(S-o). Table III shows the results of 
this analysis. It reveals that the 
null hypothesis with respect to irrele- 
vant hunger drive effects, at both 

§ This is, in effect, a rank order test which re- 
quires no assumptions regarding the nature of 
score distributions or equality of variances. 
With samples of the size here employed, the 
statistic (U/) obtained is normally distributed 
with mean equal to mn/2 and standard deviation 
equal to mn(m + n+ 1)/12 where m and n are 
the sizes of the two samples compared. A 
normal probability table is, therefore, consulted 


for the probabilities which appear in Tables III 
and VI. 
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shock levels, cannot be rejected, i.e., 
this indicates that the combination of 
the irrelevant hunger drive (D) with 
the relevant drive produced by shock 
(D) results in a total effective drive 
strength (D) which is not, beyond 
chance expectation, either greater 
than or smaller than the drive value 
produced by the shock itself. The 
null hypothesis can be rejected at the 
one percent level of confidence (at 
least) when applied to the effect of 
shock level upon performance at both 
values of the irrelevant hunger drive, 
i.e., the statistical analysis with re- 
spect to this factor would lead to a 
confident statement that the stronger 
shock results in a greater response 
strength, and that this is true whether 
the coexisting irrelevant hunger drive 
value is defined by 22 or zero hrs. of 
food deprivation. 


TABLE III 


Resutts or Statistica, Eva.vation 
or Group Durrerences 








Last 19 Trials | Last ro Trials 


Com parisons* 





ND* ND P 
W-o vs. W-22 
S-22 vs. S-o 
W-o vs. W-o 
W-22 vs. S-22 


0.623 
1.000 
4-000 
2.852 











* The group with the slower mean and median 
running time is indicated first. 

** These. are normal deviates obtained by 
dividing the difference between the obtained U 
value and the expected (mean) U value by the 
standard deviation of the U distribution. 


Since, as was earlier indicated, the 
group difference seemed larger during 
the last 10 trials than during the first 
10, the foregoing analysis was re- 
peated using as the individual animal 
measure the median running time on 
the last 10 trials (day 12) instead of 


the median of the last 19 trials. Table 
II shows the mean and median group 


values with this new response meas- 
ure, and Table III reveals the results 
of the analysis. The results of this 
analysis were the same in direction 
and significance as those of the previ- 
ous one. 


Effects of Combination of 
Anxiety and Hunger 


The present section presents the 
data collected on day 13 of the experi- 
mental series. The response measure 
(running time) is, presumably, a 
function of two motivational factors: 
(1) level of anxiety, which is defined 
by the strength of shock under which 
the anxiety response to the runway 
stimuli was established, and (2) the 
strength of the irrelevant hunger 
drive which was coexistent with the 
anxiety drive when the animal was in 
the runway. A possible third factor 
which was controlled was the similar- 
ity of the irrelevant hunger drive 
stimulus during anxiety acquisition 
to that during the anxiety-hunger 
trials. 

In order to analyze the group dif- 
ferences resulting from the above 
mentioned factors, the first anxiety- 
hunger trial was taken as the test 
trial, and the running time for each S 
on this trial was taken to be the best 
indication of the effects of the com- 
bination of hunger and anxiety upon 
performance. ‘Two other measures of 
response were also computed for each 
S: (1) the median running time on 
the first three trials, and (2) the 
median running time over all 15 trials 
on day 13. 

Because the data of this section 
violated two basic assumptions of 
analysis of variance, homogeneity of 
variance and normality of distribu- 
tion, that technique could not be 
legitimately employed here, as had 
been intended. The analysis was, 
therefore, made with the U test, as in 
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TABLE IV 
Mean anv Mepian Runninc Time Vatves ror Turee Response Measures 








Trial 1 


Trials 1-3* Trials 1-15 





Mean Median 


Median Median 





4-37 
3-45 


2.62 
2.64 


3-45 
3-72 


3-44 
3.48 


2.16 
2.12 


2.45 
2.45 


1.70 
1.78 


1.90 
1.72 











4-23 
4.82 


3-15 
3.01 


2.89 


2.92 


2.06 
1.87 


3.83 
3-23 


5-55 
3-88 


2.61 
2.62 


5.56 
3.20 


2.07 
2.18 


2.44 
3-59 





2.18 
1.90 


2.07 
2.54 











’* The variances of groups A, B, C, D, E, F, G, and H with this measure are 4.61, 2.75, 16.79, 1.13, 


3.06, 0.60, 3.36, and 0.19, respectively. 


the previous section. The first step in 
the analysis was a test of the hypoth- 
esis that the hunger drive level 
during acquisition of anxiety had no 
effect upon the running times in the 
subsequent anxiety-hunger _ series. 
To this end, comparisons were made 
between the following pairs of groups: 
A with C, B with D, E with G, and 
F with H. Means and medians for 
all of these groups are presented in 
Table IV for all three measures of 
response employed. None of the dif- 
ferences between the pairs of groups, 
using any of the three response reas- 
ures, was significant at even the 20 
percent level of confidence. The null 
hypothesis could not, therefore, be 
rejected with respect to any of the 
pairs of groups indicated. The indi- 
cation is that the level of hunger dur- 
ing the acquisition of anxiety on days 
11 and 12 had no observable effect 
upon the runring times on day 13. 
The remainder of the analysis was 
made on the basis of four groups which 
were differentiated by (1) the level of 
anxiety (defined by the strength of 
shock under which it was conditioned) 
and (2) the value of the irrelevant 
hunger drive which existed during the 


15  anxiety-hunger trials. Thus 
groups A and C were combined into a 
larger group designated (W’-o), since 
they were run under the weaker of 
two anxiety levels with zero hrs. of 
food deprivation. Similarly, groups 
B and D became group (W’-22), 
groups E and G became group (S’-o), 
and group F and H became group 
(S’-22). 

Fig. 3 represents curves of running 
time as a function of trials for the four 
groups indicated above. Each point 





MEOIAN RUNNING Time IN SECONDS 


TRIALS 


Fic. 3. Curves of performance of the four 
different anxiety-hunger groups. (N = 28 for 
each curve.) 
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on every curve is the mean of three 
successive median running times. 
For instance, the first point is the 
average of median running times for 
the first three trials, each median 
computed from the running times of 
28 subjects. The medians for each of 
the 15 trials for all groups are given in 
Table V. An examination of Fig. 3 
reveals that the rank order of points 
at each three-trial stage of the 15 
trial series is the same. The order of 
the groups, from fastest to slowest 
running time, is: (S’-22), (S’-0), 
(W’-22), and (W’-o). In terms of the 
motivational condition of the groups, 
the combination of an irrelevant 22- 
hr. hunger drive with the stronger 
anxiety level results in the fastest 
running time, while the combination 
of the zero irrelevant hunger drive 
value with the weaker shock level 
results in the slowest running time. 
Fig. 3 would also indicate that the 
drive value produced by the stronger 
anxiety level combined with a zero-hr. 
hunger drive is larger than that pro- 
duced by weaker shock level combined 
with the 22 hr. hunger drive. At 
both anxiety levels, the combination 
of the irrelevant primary drive with 
the relevant secondary drive appears 
to result in drive summation. 


‘ Table 


The analysis of the group differ- 
ences shown in Fig. 3, using each of 
the response measures indicated previ- 
ously, was carried out with the U 
test. Since there are four motiva- 
tional groups, six intercomparisons 
are possible. These are shown in 
VI. The values under the 
columns headed ND are normal devi- 
ates and the columns designated P 
are the probability values correspond- 
ing to these deviates. These repre- 
sent the probabilities that the cor- 
responding differences between the 
groups indicated in the first column 
of the table could have occurred 
through the operation of chance 
factors. Of the 18 comparisons shown 
in the table, only four of the group 
differences are not significant at, at 
least, the five percent level of confi- 
dence. The least significant differ- 
ence is between groups (S’-o) and 
(W’-22) when the values are computed 
from the first trial. This difference is, 
in fact, in the opposite direction from 
that consistently shown in Fig. 3. 
Comparing these same two groups 
with the other two indices employed, 
the differences (normal deviates) are 
in the direction shown in Fig. 3. 
While the median difference between 
these groups, shown graphically, is 


TABLE V 


Meptan Runninc Times unper Anxtety-Huncer Conpitions 








Trials 
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TABLE VI 


Resutts or Statistica, Evarvation or Group Dirrerences 





Trial « 
Comparisons* 


Trials 1-3 Trials 1-15 





ND 





’.22, W’-o 


S,-22, W’-o 











2.66 
2.44 
3.82 
3-23 
1.57 
5.34 














* The group with the slower mean and median running times is indicated first except for the trial 1 


comparison S’-o, W’-22. 


very great, it is not significant at the 
five percent level of confidence. 
There is an indication, however, that 
this difference is becoming more reli- 
able as the 15 trial series progresses. 

The only other difference which is 
not significant at the five percent 
level is that between groups (W’-22) 
and (W’-o) when the median over all 
15 trials is taken as the individual 
animal response measure. With the 
other two indices, this difference is 
significant at the one percent level of 
confidence. 

The overall picture presented by 
Table VI is one which Jends confidence 
to a statement that the four groups 
represented in Fig. 3 were different 
with respect to the running time re- 
sponse measures which were recorded. 
At both anxiety levels, the combina- 
tion of an irrelevant hunger drive re- 
sulting from 22 hr. of food deprivation 
with the relevant drive value pro- 
duced by anxiety resulted in a total 
effective drive strength which was 
greater than either of the contributing 
drive values alone. With the irrele- 
vant drive value held constant, the 
response strength and, since learning 
factors were presumably equated in 
all groups, the total effective drive 
strength was larger at the stronger 
anxiety level. 


Discussion oF RESULTS 


The major findings of the present 
experiment are: (1) That the addition 
of an irrelevant primary need based 
upon 22 hr. of food deprivation to a 
relevant primary need based upon 
noxious stimulation (shock) did not 
have any apparent effect on the total 
drive strength (D) as measured by 
the speed of the running response it 
activated. This was found to hold 
at both levels of the relevant need 
state. (2) When the same primary 
need (for food) was combined with a 
relevant need resulting from a condi- 
tioned pain ‘anxiety) reaction, the 
resultant drive strength did increase, 
as revealed by the greater speed of the 
running response it activated com- 
pared with that activated by the 
relevant secondary drive strength 
alone. 

A comparison of the running times 
in Fig. 2 with those at the first trial in 
Fig. 3 will reveal that the drive re- 
sulting from the need to reduce pain 
was apparently considerably stronger 
than that resulting from the need to 
reduce anxiety. This suggests the 
possibility that the drive strength 
produced by the shock stimuli em- 
ployed in the present experiment was 
so great that the addition of the hun- 
ger need could have little or no effect. 
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As a matter of fact, the drive summa- 
tion formula of Hull, D = 100 [(D + 
D)/(D + 100)], implies that at ex- 
tremely large values of the relevant 
drive, the addition of an irrelevant 
drive will have little or no effect upon 
the total drive strength. 


TABLE VIt 


Straencta or Darve Vatue witn VaryInG 
Strenctu or RELEVANT AND 
InneLevant Neeps 





Strength of D 





D5 


4-76 
14.29 
23.81 
33-33 
42.86 
52.38 
61.90 
71.43 
80.95 
90.48 

100.00 


D=10 





9.09 
12.18 
27.27 
36.36 
45-45 
54-55 
63.64 
73-72 
81.82 
90.91 

100.00 











Stated in terms of the formula: As 
D approaches 100, as a limit, a con- 
stant value of D added to the D value 
produces a smaller and smaller effect 
upon the total effective drive strength 
(D). Table VII is presented in order 
to make this implication clear. In 
the table, the second column gives 
the values of D which would result, 
according to the formula, when a 
constant value of D (5) is added to 
values of D ranging in steps of 10 
from zero to 100. If the already ex- 
isting value of D is 100, then, of 
course, the addition of the irrelevant 
drive value will not contribute any- 
thing additional to the total drive and 
hence to the response strength. On 
the other hand, if the relevant drive 
value is zero, then the addition of an 
irrelevant drive value of five adds 
4:76 to the total drive strength. 


Column three shows the resulting D 
values when the D is 10. 

An examination of Fig. 2 will reveal 
that, at the lesser strength of shock, 
the group with the added 22-hr. ir- 
relevant drive value shows a strength 
of response which is consistently 
(over the last 15 trials) greater (faster 
running time) than the group operat- 
ing under only the relevant need to 
escape shock. At the stronger shock 
level, the curves are more overlapping 
and the difference, generally, is in the 
other direction. Another interesting 
feature of Fig. 2 is brought out from an 
examination of the two curves at the 
weaker shock level: as we go from 
trial 11 to trial 20, the curves rise. If 
this rise can be taken as mirroring 
some adaptation effect to the shock 
(some reduction in drive strength), 
then it is apparent that as the motiva- 
tion produced by the shock becomes 
weaker, the difference between the 
curves (in favor of greater strength of 
the W-22 group)’ becomes larger. 
This relationship is not observed in 
the curves for the stronger shock 
level. 

The data obtained when anxiety 
and hunger were combined (Fig. 3) 
show considerable agreement with 
the above interpretation. In terms 
of the single test trial measure and the 
index of performance derived from the 
first three trials, the difference be- 
tween (W-'22) and (W-’o) is greater 
than that between (S’-22) and (S’-o). 
When the median over all 15 trials 
was used as the response measure for 
each S, the difference between differ- 
ences is, however, in the other di- 
rection. As was indicated earlier, the 
data from the first trial or trials are 
probably more reliable than the data 
from the later anxiety-hunger trials, 
since they are not complicated by the 
extreme variability in running time 
scores which apparently results from 





COMBINATION OF NEEDS 13 


the extinction of anxiety due to ab- 
sence of shock.’ 

While it has been shown how the 
data of the present experiment might 
be interpreted as supporting such a 
law of summation as Hull proposes, 
the investigation may better be con- 
sidered as simply providing additional 
information on the manner in which 
needs combine to effect behavior. 
The statement of any law or laws 
must await further experimentation 
involving many kinds of need com- 
binations and many drive values of 
each of the combining needs. The 
most conclusive aspect of the present 
investigation is the demonstration 
that learned (secondary) need states 
may combine with need states which 
are not learned (primary) in such a 
manner as to produce a total drive 
strength which is greater than either 
of the contributing drive strengths; 
and, regarded from another angle, 
the present study has also demon- 
strated that appetitional (hunger) and 
emotionally derived (fear) motiva- 
tional states combine in a like manner. 


SUMMARY 


The present investigation was de- 
signed to study the effects upon re- 
sponse strength (speed of running) of 
the combination of need states, where 
both of the combining needs are not 
appetitional in nature. Two in- 


7 It is also possible that the decrease in speed 
of running under anxiety conditions is due only 
to reactive inhibition (/g) resulting from the 
relatively massed experimental conditions. The 
data plotted in Fig. 3 may be interpreted as being 
due either to such an inhibitory factor or to the 
extinction of the anxiety response due to non- 
reinforcement with shock. Since there has been 
some question as to whether reduction of the 
anxiety state strengthens (reinforces) subsequent 
anxiety responses, it might be fruitful to repeat 
the anxiety trials under very distributed condi- 
tions. If the diminution in speed of runniag 
still appears, there would be strong evidence that 
the reduction of anxiety is not self reinforcing. 


stances of need combination were 
studied, in both of which the irrele- 
vant (non-reduced) need state was ap- 
petitional, and the other need state 
was emotionally derived. 


1. The combination of a primary 
irrelevant hunger need resulting from 
22 hr. of food deprivation with a pri- 
mary meed to escape pain (produced 
by shock stimulation) was found, at 
the two levels of shock employed, not 
to have any significant effect upon the 
strength of response, i.e., the response 
measure was not found to be greater 
(faster running time) than when the 
motivational condition was a result 
of the shock stimulation only. 

2. When an irrelevant hunger need 
resulting from 22 hr. of food depriva- 
tion was combined with a secondary 
need to escape anxiety (resulting from 
stimuli conditioned to the pain re- 
action), a significant effect upon re- 
sponse strength was observed at both 
levels of anxiety which were employed, 
i.e., the response observed was greater 
in strength than when only the second- 
ary anxiety condition produced the 
motivational state. 


The results are discussed in terms of 
Hull’s formula of drive summation. 


(Manuscript received January 27, 1949) 
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CONDITIONED GENERALIZATION OF THE GALVANIC 
SKIN RESPONSE TO A SUBVOCAL STIMULUS! 


BY CLYDE E. NOBLE? 
Tulane University 


INTRODUCTION 


Conditioning and _ volition.—Condi- 
tioned response research on the ancient 
problem of volition may be said to have 
begun in 1901. In that year Bair (1) 
published a report of some experiments 
in which Ss were taught to exercise volun- 
tary control * over their previously un- 
differentiated ear movements. Hilgard 
and Marquis (13) have suggested that 
these results can be attributed to condi- 


1 This paper constitutes the major portion of a 
thesis submitted in partial fulfillment of the re- 
quirements for the degree of Master of Science 
to the Department of Psychology of the Gradu- 
ate School of Tulane University, 1948. The 
author is indebted to Professors H. M. Johnson 
C. W. Mann, and Joseph Weitz for their advice 
and criticism. Miss Violet Whitehead made the 
pen drawing of the experimental scene. 

* Now at the State University of Iowa. 

* The author is not familiar with any unequiv- 
ocal (operational) distinctions between ‘volun- 
tary’ and ‘involunt: y’ activity. One tradition 
has been to classify most responses mediated by 
the autonomic nervous system (e.g., GSR) as 
involuntary, while some responses of the somatic 
system (e.g., laryngeal processes) have been 
called voluntary. Certain writers further insist 
that the latter entails a conscious intent, purpose, 
etc. The problem is usually of minor import- 
ance experimentally, and it may turn out on 
further analysis to be a spurious one. For ex- 
pository purposes, however, the term voluntary 
is retained in the present context to refer to the 
fact that Ss under a given set respond with vocal 
or subvocal behavior upon signal from E. Sub- 
vocal activity, in turn, is denoted by implicit 
speech musculature processes (stimuli), identifi- 
able as ‘self-instructions’ (20) or ‘auto-com- 
mands’ (14) on the part of S. Theoretically, 
such response-produced stimuli may become 
CS’s for various responses, voluntary or involun- 
tary. The concept of subvocal activity used 
here is closely related (but not necessarily equiva- 
lent) to those adopted by Watson (36), in his 
behavioristic analysis of ‘thinking,’ and by such 
investigators as Jacobson (18,19) and Max 
(22,23). 


tioning. The following year another 
American, Twitmyer (35), independently 
of Pavlov discovered the principle of 
conditioning during his studies of patellar 
reflexes. Twitmyer also observed that 
voluntary sets on the part of his Ss 
facilitated the amplitudes of their CR’s. 
Subsequent research in Russia under 
Pavlov and Bekhterev, and in America 
by Watson and others indicated a grow- 
ing interest in a scientific approach to 
this and related problems concerning the 
so-called ‘higher mental processes.’ 
Pavlov held the view that “the whole 
activity of the organism should conform 
to definite laws” (27, p. 7), and it re- 
mained for American psychologists to 
test his somewhat implicit hypothesis 
that volition is a learnable trait. 

In 1922 Cason (2) demonstrated that 
human involuntary processes (pupillary 
constriction and dilation) could be condi- 
tioned in the laboratory. Hudgins (14), 
in 1933, used the procedure of higher- 
order conditioning to establish pupillary 
CR’s to subvocally-produced auto-com- 
mands. This was evidence that an in- 
voluntary response could be conditioned 
to a self-initiated stimulus under volun- 
tary control. His results also suggested 
that voluntary activity might ultimately 
be accounted for in terms of CR mech- 
anisms. He noted similarities in Jatency 
and duration between CR’s and volun- 
tary responses, and that these measures 
were both greater than those of UR’s 
arising from the same effector groups. 

These findings, and those of other in- 
vestigators (10, 12, 31,37), led Hunter 
and Hudgins to propose that “so-called 
voluntary behavior is essentially a con- 
ditioned response having a characteristic 
latency and temporal course and under 
the control of self-excited receptor proc- 
esses” (17, p. 204). Attempts to verify 
Hudgins’ results by Steckle and Ren- 
shaw (34) and by Steckle (33) failed 











: 
' 
¥ 
: 
' 
; 
: 





16 CLYDE E. NOBLE 


(cf. 15). However, in 1936 Kotliarev- 
sky (20) reported successful conditioning 
of pulse-retardation to verbal stimuli 
consisting of self-instructions adminis- 
tered by Ss themselves. Further work 
corroborating Hudgins’ study appeared 
the following year with Menzies’ (24) 
paper on the verbal conditioning of vaso- 
motor responses. Menzies reported con- 
ditioned vasoconstriction in several Ss 
to a whispered nonsense word and, in 
others, to merely recalling a certain 
visual pattern. In a later experiment 
(25), however, he was unable to establish 
vasomotor CR’s to ‘thinking’ of a photic 
stimulus. An experiment by Skinner 
and Delabarre confirmed certain of Hud- 
gins’ findings, and Skinner’s (32) analysis 
provides an interesting explanatory ap- 
proach in terms of conditioned operant 
and respondent behavior. In 1943 Roes- 
sler and Brogden (30) established con- 
ditioned differentiation of vasoconstric- 
tion to subvocal stimuli. On the basis 
of statistical comparisons of UR’s and 
CR’s for four Ss, however, they concluded 
that CR’s to a buzzer and to a vocal 
stimulus were of significantly shorter 
latency but not significantly less in 
amplitude than UR’s to shock. These 
data are not completely consistent with 
the Hunter-Hudgins hypothesis. 
Conditioning and GSR.—Psychological 
study of GSR was initiated in 1879 with 
Vigouroux’s monograph on the diagnostic 
use of skin resistance (cf.21). Following 
this came important research by Féré, 
Tarchanov, Veraguth, Gildemeister, Jef- 
fress, and Darrow (cf. 21,38). The 
method of Féré, that of inducing a weak 
ectosomatic current in S and recording 
the decreased resistance following stimu- 
lation, is the one used in this investiga- 
tion. Golla (6), about 1921, seems to 
have been the first to establish a condi- 
tioned GSR. In 1937 Cook and Harris 
(3) conditioned GSR’s to verbal stimuli, 


and the same year Diven (5) performed a’ 


similar experiment, finding that CR’s 
generalized to related words. Mowrer’s 
(26) work reemphasized the influence of 
set on the acquisition of the response, 
and others have done likewise for the 


eyelid reaction (13). Riess (29) demon- 
strated conditioned ‘transference’ (gen- 
eralization) of GSR to homophones and 
to synonyms, as Razran (28) had done 
previously for salivary CR’s. Finally, 
the most recent attack upon the problem 
of the acquisition of voluntary control 
was reported in 1941 by Henneman (11). 
His Ss were said to have exhibited ‘con- 
ditioned’ GSR’s to subvocal stimuli. 
Henneman’s study bears directly upon 
the experiment to be described in this 
paper and will be treated further in the 
discussion. 


Hypothesis and Corollary 


The hypothesis to be tested in this 
investigation is that the GSR condi- 
tioned to a temporal stimulus com- 
pound,‘ consisting of a light and a 
self-initiated vocal stimulus, can be 
generalized to a subvocal stimulus in 
certain human Ss. A corollary of 
this proposition is that, if such be 
true, these Ss may be said to have 
acquired a degree of subvocal volun- 
tary control over a previously involun- 
tary response. 


Experimental Criteria 


Amplitude: magnitude of GSR, 
measured as the perpendicular dis- 
tance in scale units from the peak of 
the deflection to a line parallel to the 
chart edge from the point of inter- 
section of the stimulus marking with 
the GSR tracing. 

Conditioning: three successive un- 
reinforced CR’s of amplitudes >0.5 
scale unit. 

Extinction: three successive GSR’s 
of amplitudes <o.5 scale unit. 


‘Following Hull’s (16) usage, a temporal 
stimulus compound is one consisting of two or 
more stimuli whose onsets occur in succession. 
This is distinguished from a simultaneous stimu- 
lus compound, in which the stimuli begin at the 
same instant. The development of CR’s to such 
stimulus configurations is termed patterning. 
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PRocEeDURE 


Apparatus.—The recording apparatus con- 
sisted of a vacuum-tube psychogalvanometer of 
the Davis-Porter type (cf. 4) operating on a 
110-volt, 60-cycle power line, to which was con- 
nected a Model A.W. 5-0-5 Esterline-Angus re- 
cording milliammeter. This instrument per- 
mitted continuous graphic recording of skin 
resistance. It was calibrated before experi- 
mentation began with a decade resistance box, 
and it was found that the calibration curve of 
resistance in ohms plotted against current in 
milliamperes gave approximately a linear func- 
tion. This indicated that a positive deflection 
of 1.0 miliampere represented a drop in resist- 
ance of about 1000 ohms; i.e., one scale unit (=~ 
0.2 ma.) was comparable to 200 ohms: The 
operating range of the instrument was calculated 
to be from 40,000 to 50,000 ohms, using the high 
sensitivity setting. The galvanic electrodes 
were constructed of zinc plates and were attached 
to the palmar surfaces of S’s hands by means of 
adjustable strips of rubber inner-tubing. Re- 
dux electrode paste was applied to the skin to 
facilitate recording of electrical activity. 

A Harvard inductorium at a constant setting 
of 6, activated by a 1.5-volt dry cell, led to 


SS 
SSS 


stimulating electrodes strapped to S’s right leg. 
These electrodes were of the cup type fitted with 
absorbent cotton soaked in 0.9 percent saline 
solution. Shock stimuli were administered by 
pressing a stimulus key of the break type. A 
visual cue in the form of an ordinary desk lamp 
of low intensity was connected to the 110-volt 
source, mounted in S’s line of sight, and operated 
by means of a knife switch inserted into the line. 
Both switches were within convenient reach of E, 
who controlled all stimuli behind a screening 
board unobserved by S. The time of onset of 
stimuli was recorded on the milliammeter record 
chart, which was driven by a synchronous motor 
at a constant speed of three in. per minute. This 
chart drive permitted adequate manual recording 
of stimuli and marginal notations during opera- 
tion. 

All experimentation was conducted in one 
room between the hours of 8 a.m. and 8 p.m. 
There were from one to three sessions per S, each 
of one hour’s duration. A ceiling fan was kept 
going during all sessions and served to minimize 
auditory distractions and to maximize S’s com- 
fort. The apparatus and setting of the experi- 
ment are shown in Fig. 1. 

Method.—Ss consisted of 21 college men of 
sophomore and junior standing, ranging in age 


























Fic. 1. 





The apparatus and setting of the experiment 





The subject (S) lies supine on the bed facing the light signal (L), with galvanic electrodes (GE) 
strapped to the palm of each hand and stimulating electrodes (SE) attached to the right leg. Changes 
in palmar resistance are registered on the recording milliammeter (MA), which is a part of the psy- 


chogalvanometer circuit (PG). The experimenter (£) sits behind a screening board (B) and con- 
trols the unconditioned stimuli (shocks) with the stimulus key (SK), and the light signals with the 
light switch (LS). Other items in the situation are: inductorium (I), dry cell (C), ceiling fan (F), 
record log (RL), electrode materials (M), and the power source (P). 
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from 19 to 26 years, all of whom were currently 
enrolled in a course in general psychology. 
Participation was on a volunteer basis. From 
this group seven Ss were chosen at random for 
pseudo-conditioning control tests. ‘The remain- 
ing 14 constituted the experimental group. The 
sessions were designed so that the experimental 
group would also act as its own conditioning con- 
trol, in a manner to be specified later. Each S, 
regardless of whether he was a member of the 
control or experimental group, was given certain 
general instructions orally by E upon arrival for 
his first session. These instructions were identi- 
cal in each case and were as follows: 


This is an experiment in concept formation 
in relation to the galvanic skin response. 
Please make yourself comfortable on the bed 
while I attach these electrodes which will 
measure electrical changes in your skin. (At 
this point £ applied a quantity of electrode 
paste to the palmar surface of each of S’s 
hands, moistened the surface of the electrodes, 
and attached them securely by means of the 
perforated rubber bands.) During the experi- 
ment you are going to receive certain visual 
and auditory signals and be asked to make 
certain responses, such as repeating a word 
aloud. (The stimulating electrodes were then 
strapped to the medial surface of S’s right 
lower leg, approximately one inch apart.) 
Occasionally you will receive a mild electric 
shock in your right leg. This will never be 
painful, however, only annoying. (E gave a 
sample shock by depressing briefly the stimu- 
lus key.) Now lie flat on your back, with 
your palms inward, and remain as relaxed and 
quiet as you can. It is very important that 
you make no unnecessary movements until a 
rest period is announced; however, if you find it 
absolutely necessary to move, or if you desire 
a rest, tell me so. I will give you further 
instructions from time to time. Now relax. 


During this time the ceiling fan had been run- 
ning continuously, as had the interrupter device 
on the inductorium. These two masking stimuli 
were in operation at all times for both groups of 
Ss. Lighting was arranged in such a way that 
no uncontrolled stimuli from behind the screen 
impinged upon S’s visual field. No individual 
was informed that the experiment dealt with con- 
ditioning. 


Experimental group 


Pre-training control.—The 14 Ss in this groupl 
(were first given a series of pre-training ecntar 
adaptation) tests which were compared Jtroo 
with their performance following vocal training. 
It was desired to ascertain whether there were 
any S-R connections functioning prior to train- 


ing, and if so to what extent. Special instruc- 
tions were given to this group as indicated: 


I am going to say a certain meaningless word 
a number of times, and I want you to repeat it 
aloud after me each time I say it. The word 
is voloap, v-o-l-v-a-p. Say it yourself once. 
. » » All right, relax until you hear the word. 


E then spoke the word volvap (symbolized as 
S.~)* aloud at randomly selected time intervals, 
recording the stimulus presentations on the 
milliammeter chart. S, was followed by S’s 
vocal repetition of the same stimulus word (S,) 
each time. Thus, this series yielded the se- 
quence S, — S——> U Rye. Ten trials were 
given. If adaptation had not occurred by the 
end of 10 trials, the series was continued until 
the criterion of experimental extinction was 
satisfied. 

Following extinction of UR,.., S was givea a 
brief rest and an additional set of instructions 
worded as follows: 


In this next session, simply lie quietly and 
watch this light. (£ pressed the light key 
once as an example.) 


This time the light (S;) was presented alone at 
random intervals until adaptation had taken 
place, but not less than ro times. The sequence 
was S;— UR; The duration of S; was ap- 
proximately 1.0 second. 

Finally, a third conditioning control test was 
devised for one-half of this group, seven Ss hav- 
ing been selected at random from the 14. This 
test was similar to the foregoing, except that it 
substituted S; for S,, as in the first pre-training 
test. Thus, S; became a signal for S to say the 
word voleap aloud; i.e., it was a cue for him to 
stimulate himself voluntarily. The instructions 
were: 


This time you will be signalled by the light 
to say the same word, polvap, aloud. Respond 
just as you did before, saying the word after 
you see the light. (£ gave one trial.) 


§ Glossary of symbols: S;: visual cue (light); 
Sw: auditory cue (word volvap spoken by £); 
CR: conditioned response (GSR); CR: CR to a 
temporal stimulus compound, S; — S,; CRr 
(gen): CR generalized to a visual stimulus, S;; 
CRa(gen): CR generalized to a neutral vocal 
stimulus, See; CRe(gen): CR generalized to a 
subvocal stimulus, S,.; CS: conditioned stimulus; 
S,.: vocal stimulus (volvap spoken by S); Sne: 
neutral vocal stimulus (nostaw spoken by S); 
Sw: subvocal stimulus (voleap produced subvoc- 
ally by S); UR: unconditioned response (GSR); 
UR: UR to a vocal stimulus compound, S, — 
S.; UR:: UR to a visual stimulus, Si; URw: 
UR to a temporal stimulus compound, S; — S,; 
US: unconditioned stimulus (shock). 
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This session was conducted like the others and 
was continued until extinction was evident. 
The sequence took the form S; — S,—> URi,. 

Vocal training.—After a brief rest period the 
experimental group was introduced to the next 
phase of the investigation, that of vocal training. 
This consisted of a classical conditioning situ- 
ation in which a mild faradic shock constituted 
US, the resulting GSR the UR, and a self- 
initiated vocalization of voleap (S,) in response 
to S; made up the compound CS. The purpose 
was to condition the formerly unconditioned 
GSR to S; — S,. The training is represented by 
the paradigm, 

Si - S, 


CRi 

US-> UR 
Special instructions were identical with those 
given in the final pre-training control series; i.e., 
S was told to repeat aloud the word volvap when- 
ever S; occurred. The time of presentation of 
S: was recorded by E as before. Then, the in- 
stant that S uttered the word, E administered a 
brief shock. The interval between the onsets of 
S, and US, and the duration of US, were ap- 
proximately 0.5 sec. each. Ss normally re- 
sponded to S; with S, within 1.0 sec. The non- 
sense word voloap was chosen because it was dis- 
syllabic. This fact facilitated uniform presenta- 


tion of US to all Ss since E could press his 


stimulus key midway during S’s vocalization of 
the word. Successive presentations of S; oc- 
curred at intervals ranging from eight seconds to 
two minutes, depending upon the temporal 
course of the individual GSR’s in question. 
Great individual differences were noted in this 
regard, Ss showing marked variability in the 
time required for recovery of the response after 
stimulation. In no case was the connection be- 
tween S; and UR; ever reinforced immediately, 
but only the S-R sequence associated with the 
response to the temporal stimulus compound 
S; — S,. 

Ten such paired combinations were given, 
followed by a test for vocal conditioning. This 
test consisted of omitting US for three con- 
secutive trials. If the criterion of three suc- 
cessive unreinforced GSR’s was not met, training 
was continued in reinforcement series of 10 
trials each. Rest periods were announced after 
20 successive trials provided S did not request 
one earlier. Pre-training control tests and vocal 
training trials usually consumed the hour al- 
lotted to all sessions; hence most Ss in the experi- 
mental group were dismissed from their first 
sittings after 20 reinforcement trials. 

When Ss arrived for their second appoint- 
ments after intervals of one to three days, rein- 
forcement was continued under similar condi- 
tions, prefaced by a review of the special in- 


structions for this stage of the experiment. EF 
had each S take up a postural set and an elect- 
rode fitting as much as possible like those obtain- 
ing during the first sitting. £ attempted to 
begin all sessions at about the same level of 
resistance for each S, but this soon was found to 
be impossible since galvanic activity fluctuated 
widely during each session. The responses also 
did not recover sufficiently to yield similar base 
lines. In view of these facts, it was decided that 
GSR amplitudes would be compared by the 
number of scale units of deflection rather than 
in terms of resistance, conductance, or other de- 
rived measures. It is doubtful whether any 
such units are truly comparable. Haggard (7) 
and Haggard and Garner (8) reported that 
GSR’s, under constant stimulus conditions, are 
of greater amplitude at higher resistance levels; 
and Haggard and Gerbrands (9) have recently 
emphasized the distortion effects resulting from 
the use of apparatus similar to that used here. 

The second session for the experimental group 
was devoted to reinforcemient trials and to tests 
for adequacy of conditioning. S was given 10- 
trial reinforcement series as required, followed 
by three-trial tests and rest periods until con- 
ditioning was evident. It was decided that if 
there was no evidence for conditioning after a 
total of 50 reinforced trials at the end of the 
second sitting, the particular S would be dis- 
missed as unsuitable for further work. One 
such S was found among the original 14, and two 
others were discarded because of galvanic hyper- 
activity. (These losses decreased the size of the 
final pre-training control group to four Ss.) 
The remaining 11 continued to the end of their 
third sittings. 

Tests for generalization.—Provided that §$ 
satified the criterion of conditioning, he was then 
subjected to a 30-trial test for conditioned gen- 
eralization in which 15 trials of S; — S,, unrein- 
forced, were alternated with 15 trials of S; fol- 
lowed by a neutral stimulus word, nostaw 
(Sne), spoken by S in response to S;. The pre- 
arranged grouping of these trials was 5-4-6-6-4-5, 
beginning with nostaw. The special instructions 
were: 


For a number of trials I want you to respond 
with the word nostaw, n-o-s-t-a-w, when you are 
signalled by the light. (5 trials.) Now re- 
spond with voloap when you see the light. 
(4 trials.) Now respond with nostaw. (etc.) 


Hence, the sequence proceeded: 


Si — Sas CR,.(gen) 
Si — S,—> CRir 
Si — Sue CRa-(gen) 
S; —- Ss. CRi, 
Si — Sao—> CRae(gen) 
Si == Ss. CRy 


5 trials 
4 trials 
6 trials 
6 trials 
4 trials 
5 trials 
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No reinforcements were given during this test 
since its purpose was to determine the extent of 
stimulus generalization; i.e., generalization to a 
word not previously heard during the experiment. 
In most cases, extinction set in before comple- 
tion of this 30-trial test. Therefore, following a 
series of 10-trial reinforcements, as needed to 
reestablish CR;,, another 30-trial test for condi- 
tioned generalization was given. The time re- 
quirements of this procedure often carried the 
generalization tests into the third sitting, again 
spaced at least 24 hours after the second. This 
session, like the preceding one, was opened by an 
oral review of the special instructions followed 
by reinforcement in the usual manner. 

Tests for differentiation—After completing 
their second generalization tests, the remaining 
11 Ss in the experimental group were subjected 
to a 30-trial test for conditioned differentiation, 
in which 15 trials of S;, followed by the stimulus 
word volvap produced subvocally (S,) by S, 
were alternated with 15 trials of S;, unreinforced. 
The grouping was 5-5-5-5-5-5, beginning with 
Swe, and the special instructions to S were as 
follows: 


In this final stage of the experiment you are 
to respond to the light signal by saying the 
word volvap softly to yourself. Don’t move 
your lips and tongue noticeably; just say the 
word clearly to yourself rather than saying it 
aloud. Think of nothing at all between pres- 
entations of the light signal. (5 trials.) Now, 
for a number of trials, simple lie quietly and 
watch the light. (5 trials, etc.) 


This sequence ran: 


Si — Su — CRa(gen) 5 trials 
Si—> CRi(gen) 5 trials 
Si — Sw—> CR,(gen) 5 trials 
Si—> CRi(gen) § trials 
St — Sue —> CR,A(gen) 5 trials 
Si -> CRi(gen) 5 trials 


Reinforcements were omitted during this test 
because it was introduced to determine the extent 
to which S had differentiated the stimulus ele- 
ment S,, from the stimulus oompound S;—S,,. 
The completion of this 30-trial test series termi- 
nated the participation of the experimental group. 


Control group 


All Ss in this group, save one who was dis- 
carded because of galvanic hypoactivity, were 
tested for pseudo-conditioning possibly resulting 
from vocal stimulation following the experience 
of repeated shock. If not controlled, this phe- 
nomenon of heightened excitability might other- 
wise be invoked to account for results apparently 
due to true conditioning. No instructions were 
given to this group other than the general in- 


formation received by all Ss. They were not led 
to believe that they were to be treated differently 
fromthe others until the end of their first ses- 
sions, when they were dismissed. 

Each control S received 10 successive trials of 
US alone, then a rest followed by 10 more trials 
of US, all spaced at random intervals. There 
was no visual or auditory stimulation during this 
session, and the 20 shocks were presented and 
recorded in the same manner as those given to 
the experimental group. Following another 
rest period, S was directed to respond with the 
word volvap (S,) whenever S, was spoken by E£. 
The special instructions were identical with those 
of the first pre-training group; thus, the S-R 
sequence was Sy — S,-> URy. S’s vocal 
response (S,) was, of course, unreinforced. This 
series of trials was presented at least 10 times 
and continued until extinction occurred, being 
similar in all respects to the initial procedure dur- 
ing pre-training control. The completion of this 
pseudo-conditioning test terminated the partici- 
pation of the control group. 


RESULTS 


The results are presented in Table 
I as mean response data for the ex- 
perimental and control groups under 
the four conditions. 

Condition I exhibits the me antrials 
required for extinction and the mean 
amplitudes of UR,, for the pre-train- 
ing experimental group and for the 
pseudo-conditioning control group. 
The group means (M) and standard 
deviations (¢) are shown, followed by 
t-tests of the significance of the differ- 
ences between the means for extinc- 
tion trials and for amplitudes of GSR 
following the stimulus compound 
S. — S,. 

Condition II represents a similar 
comparison for four Ss in the experi- 
mental group of responses to S; — S, 
during the pre-training period with 


those same Ss’ responses to S; — S, 


following vocal training. In view of 
the fact that none of the Ss under the 
latter condition showed evidence for 
extinction of CR,, within the limits 
tested, the f-test in this case was 
carried out for amplitude data only. 
Condition III displays an analysis 
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TABLE I 


Anatysis or Mean Response Measures Deartvep rrom Psevpo-Conprrionine, 
Conpitioninc, GENERALIZATION, AND DiFFrERENTIATION TESTS 
ror Experimental anp Controt Groups 











Condition 


M 





I. Pseudo-conditioning control test 
Exp. group (N = 11) 
t. trials of URy. 


Ampl. of UR 
Control group (N = 6) 
Ext. trials of URwe 


Ampl. of URw, 





| 
0.21 (ext.)>0.80 


0.38 (ampl.)>0.70 





II. Conditioning control test 
Exp. group (N = 4) 
Pre-tng. procedure 
Ampl. of URy 


Vocal tng. procedure 
Ampl. of CRy 





III. Generalization test 
a. oe, A = 11) 
mpl. of 


Ampl. of CRay (gen) 





IV. Differentiation test 


group (N = 11) 


Ex 
a of CR,(gen) 
Ampl. of CR,(gen) 





0.7 
0.4 














of GSR’s to the compound conditioned 
stimulus S; — S, and GSR’s general- 
ized to the neutral stimulus compound 
S, — S,» for the vocal training situ- 
ation. As before, the #-test was ap- 
plied only to amplitude data since 10 
Ss’ responses to S; — S, and eight 
Ss’ responses to S; — S,, were unex- 
tinguished at the termination of the 
test. 

Condition IV shows the results of 
the test of significance of the amplitude 
differences between GSR’s generalized 
to S,; — S,, and those generalized to 
S; alone. Again, extinction data 
were not treated statistically because 
four Ss’ responses to the compound 
and two Ss’ responses to the light re- 
mained unextinguished. It is not- 


able that two Ss showed spontaneous 
recovery of CR,,(gen), while no S did 
so for CR;(gen). 

All computations conformed to ex- 
perimental criteria cited above. The 
tests of significance utilized the for- 
mula for independent groups in the 
case of Condition I, and the matched 
groups or ‘difference’ formula in the 
cases of Conditions II, III, and IV. 


Discussion 


The results of this investigation in- 
dicate that 11 Ss demonstrated condi- 
tioned GSR’s to the temporal stimulus 
compound S; — S,. That the results 
obtained are a product of the experi- 
mental procedure and not due to 
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pseudo-conditioning is corroborated 
by the tests of significance in Condi- 
tion I. The probability of such dif- 
ferences in mean extinction trials and 
amplitudes occurring by chance is 
very high, the P’s lying between 0.70 
and 0.90 for both statistics. The 
performance of the random sample of 
control Ss thus provides presumptive 
evidence for the conditioning of the 
experimental group. Condition II 
furnishes additional evidence of the 
adequacy of the conditioning of this 
group. The ¢ of the differences in 
amplitude measures is 6.31, indicating 
a P<o.o1 that the greater mean 
amplitude of GSR following the vocal 
training situation could be attributed 
to chance. 

CR’s resulting from vocal training 
then partially generalized to S; — Sy», 
as indicated in Condition III. The 
fact that the ¢ of the mean amplitudes 
of response to the two different com- 
pounds is 2.94 enables one to reject 
the null hypothesis with P<o.o2. 
This is interpreted as evidence against 
complete stimulus generalization since 
the specificity of the conditioning of 
GSR to S; — S, presumably would 
have resulted in a significant differ- 
ence. Also, the individual data in 
this case showed that there was a 
greater tendency toward extinction 
for CR,,.(gen) than for CR,. Rea- 
soning conversely, the occurrence of 
partial generalization is suggested by 
a comparison of the extinction data 
of UR,, in Condition II with that of 
CR,»(gen) in Condition III: UR, was 
extinguished in a mean of 27.5 trials, 
while the latter was unextinguished 
for eight Ss within the limits tested. 
The difference in mean amplitudes of 
these same responses, although not 
significant (P>0.20), is also in the 
expected direction (cf. Table I). 

Condition IV, the test for differenti- 
ation, reveals in the t of 3.33 a highly 


significant difference between the 
mean amplitudes of GSR to S; — 
S,, and to S; The probability that 
this ‘difference occurred by chance is 
less than one in a hundred. Hence, 
by virtue of the negligible mean am- 
plitude of CR,(gen), in terms of the 
experimental criteria, the results indi- 
cate that stimulus differentiation had 
taken place. This conclusion is also 
substantiated by the greater number 
of trials required by six Ss for extinc- 
tion of CR,,(gen) than for extinction 
of CR,(gen). 

The matter of subvocal activity 
requires a brief comment. It was 
pointed out that Ss were instructed 
to produce subvocal self-stimulation 
in a certain manner. Apart from 
the question of the extent of their 
cooperation in subvocalizing, it is note- 
worthy that all of the 10 Ss who dem- 
onstrated successful conditioned dif- 
ferentiation of the subvocal stimulus 
reported clear perception of subvocal 
activity as defined. In most cases, 
moreover, they localized the criterion 
sensations in the general speech 
musculature area. It is also interest- 
ing that learning apparently took place 
for some Ss without their knowledge. 
Only four Ss guessed specifically that 
the experiment was concerned with 
conditioning,* and none _ reported 
awareness of GSR. This evidence 
seems to falsify Hamel’s (10) hypothe- 
sis that CR’s are dependent upon con- 
scious processes. 

With respect to the Ss used in this 
experiment, the author agrees with 
Henneman (11) that GSR can be con- 
ditioned to S’s spoken word. In fact, 
92 percent of the Ss used in the present 
investigation developed conditioned 


*In spite of the ‘nonsense’ words used as 
stimuli, only one S showed ‘insight.’ His post- 
experimental comment is worth quoting: “Is it 
by coincidence,” he asked, “that ‘volvap’ and 
‘nostaw’ are Pavlov and Watson spelled back- 
ward?” 
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GSR’s, while Henneman reported only 
50 percent success. The data for 
subvocal stimulus generalization, like- 
wise, show a high percentage of Ss 
meeting the requirements: 10 out of 
11 in this experiment, compared with 
three out of six in Henneman’s study. 
His claim for subvocal conditioning, 
however, invites closer analysis. 
Henneman reported that of six Ss, in 
whom he had previously established 
conditioned GSR’s to a vocal stimulus, 
three “showed evidence of positive 
conditioning to the subvocally spoken 
word.” 7 This statement implies that 
he used a reinforcement procedure 
rather than one of generalization to 
obtain his results, but his account 
gives no indication that he specifically 
reinforced the subvocal stimulus-GSR 
connection. It would seem that only 


by this method, or by a process of 
higher-order conditioning (using sec- 
ondary reinforcement), could he have 
produced a conditioned response to a 


subvocal stimulus. Hence, it is 
doubtful that his results can be at- 
tributed to primary or to secondary 
reinforcement. They are evidently 
due to conditioned differentiation 
following generalization to similar 
stimulus elements encountered in the 
vocal training situation. Thus, as in 
the present experiment, his Ss learned 
to respond selectively to the element 
S.. in the temporal stimulus com- 
pound S; —S,. Finally, it should 
be emphasized that although Henne- 
man’s data were not analyzed for sta- 
tistical significance, this should not 
preclude acceptance of his results. 
The hypothesis stated at the outset 
is confirmed by the evidence pre- 


7 Professor Henneman kindly provided the 
author with a copy of his mahuscript read before 
the A.P.A. on Sept. 4, 1941, from which this 
quotation is taken. Further comparisons of 
data have not been made since the controls, con- 
ditioning criteria, instructions, and methods of 
recording were dissimilar in the two experiments. 


sented; it is ‘proved’ in the statistical 
sense that the probability of such re- 
sults occurring by chance is very 
slight. Its corollary, however, is 
obviously relative to the definitions 
which explicate it. There may well 
be as many proofs or disproofs of this 
proposition as there are definitions of 
the terms which it contains. 


SUMMARY AND CONCLUSIONS 


1. This paper has approached the 
problem of volition by means of a 
conditioned response investigation 
pertaining to the acquisition of ‘volun- 
tary control’ over an ‘involuntary’ 
response. 

2. Twenty-one human Ss_ were 
chosen for a series of experiments to 
test the hypothesis that the GSR con- 
ditioned to a temporal stimulus com- 
pound, consisting of a light and a self-" 
initiated vocal stimulus, can be gen- 
eralized to a subvocal stimulus. 

3. Following intermittent electric 
shock stimulation, a group of control 
Ss exhibited UR’s to a compound 
vocal stimulus which were not signifi- 
cantly different from UR’s of a pre- 
training experimental group not sub- 
jected to prior stimulation, indicating 
no evidence for pseudo-conditioning. 

4- Of 12 Ss in the experimental 
group, 11 demonstrated CR’s to a 
temporal stimulus compound con- 
sisting of a light followed by S’s self- 
initiated vocal response (stimulus) in 
the form of a nonsense word. 

5. The 11 experimental Ss then 
showed partial stimulus generaliza- 
tion of GSR to a self-administered 
neutral vocal stimulus elicited by the 
visual cue. 

6. In 10 of these Ss, GSR’s sub- 
sequently generalized to a subvocal 
stimulus self-initiated in response to 
the visual cue. Statistical analysis 
of amplitude data for responses to the 
light-plus-subvocal stimulus and to 
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the light alone resulted in a significant 
difference (P<o.01), indicating dif- 
ferentiation of the subvocal stimulus. 


7. It is concluded that these Ss 


have acquired a degree of subvocal 
voluntary control over a previously 
involuntary response. 


(Manuscript received 
December 27, 1948) 
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ANALYSIS OF DISCRIMINATION LEARNING BY MONKEYS 


BY HARRY F. HARLOW * 


University of Wisconsin 


I. Purpose anv InTROpDUCTION 


The purpose of the present experi- 
ment is to analyze various factors 
which operate to produce errors in 
discrimination learning of monkeys. 

Discrimination learning has been 
demonstrated in many animals; the 
learning curves have been plotted and 
the characteristics of these curves have 
been expressed in mathematical form. 
Theoretical articles have been written 
concerning the factors operating in 
error production, but no one has made 
any direct analysis of error-producing 
factors or their relative roles in dis- 
crimination learning. Until the na- 
ture of error factors can be experi- 
mentally demonstrated, there is little 
hope for the formulation of an ade- 
quate discrimination learning theory. 

The great variability in rate of dis- 
crimination learning commonly en- 
countered from subject to subject, 
from problem to problem, and from 
trial to trial has rendered analysis of 
error-producing factors difficult. The 
present study was so designed as to 
keep variability of performance at a 
minimum. Control over test vari- 
ables was obtained by using a highly 
standardized test situation and by 
using stimuli whose differences could 
readily, and probably immediately, 
be perceived by the subjects. ‘These 
stimuli, stimulus-objects differing in 
multiple dimensions, have been de- 
scribed in an earlier paper (4). The 
use of such stimuli makes possible 
rapid and consistent discrimination 
learning in monkeys and offers the 

* This research was supported in part by a 
grant from the Special Research Fund of the 


University of Wisconsin for 1945-46 and 
1940-47. 
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further advantage of providing num- 
erous stimuli from which long series 
of discrimination problems.of equated 
difficulty can be arranged without 
duplication of any of the objects. 


II. Supyects 


Subjects in this investigation were 10 rhesus 
monkeys, Numbers 90, 92, 94, 101, 102, 104, 105, 
106, 107, 108, and one mangabey, Number 109. 
Their weights ranged from 6 to 10 pounds. 
These subjects had been tamed and adapted to 
the test situation for a period of two to three 
months, following which they received their 
first laboratory problem, a series of 32 prelimi- 
nary discriminations of 50 trials each. The 
animals were then given a series of 200 six-trial 
discriminations, the data from which form the 
basis of the discrimination analysis part of this 
paper. Eight of these monkeys, Numbers 101 
to 109 inclusive, were then tested on a series of 
112 discrimination reversal problems. Only 
data obtained on these eight animals were used 
in the analysis of the formation of learning sets. 


III. Apparatus AND MetTuop 


The apparatus was the same as that standard 
at the Wisconsin Laboratory and described pre- 
viously (3 and ja). Each trial was run by 
lowering the forward opaque screen, baiting the 
correct food-well in the stimulus tray, and cover- 
ing the two food-wells with the stimulus-objects 
to be discriminated. The stimulus tray was 
pushed forward so that the stimuli were just 
within reach of the subject. “The one-way vision 
screen was then lowered and the forward opaque 
screen raised. The animal was allowed to dis- 
place one stimulus, after which the stimulus 
tray was retracted a few inches. The one-way 
vision screen was raised and after a pause of 
about two sec., the monkey was given a piece of 
food. This is referred to as inter-trial reward 
and was given whether or not the discrimination 
choice had been correct. The purpose was to 
keep frustration at a minimum. 

Succeeding trials were run in the same man- 
ner, with no opportunity allowed the subjects to 
correct errors. An interval of approximately 15 
sec. intervened between trials. 

The specific procedures for discrimination 
analysis were as follows. Each animal was given 
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the series of 200 object-quality discriminations. 
A different pair of stimulus-objects was, of 
course, used for each discrimination. Ten six- 
trial discriminations were run each day, making a 
total of 60 trials per day. So far as possible, the 
animals were run on consecutive days. There 
was a pause of about 30 sec. between successive 
discrimination problems, during which time the 
subject was fed several pieces of food. 

A set of 10 different positional sequences was 
employed. The entire set was used daily, but 
the order in which the sequences appeared -was 
varied. Running each subject on a large 
number of varied positional sequences using 
different stimulus pairs of approximately equal 
difficulty, adds greatly to the possibilities offered 
for analysis of the factors producing errors in 
discrimination learning. 

Table I presents the 10 positional sequences. 
The letters R (right) and L (left) indicate the 
position of the correct member of each stimulus 
pair in the series of six trials. 


TABLE I 


PostT1IoNnAL SEQUENCES 








Sequence Number 








mire |» 
pope | = 



































This block of to positional sequences was 
balanced to provide reward of the right and left 
positions an equal number of times on each of the 
six trials. There were included four sequences 
in which the position of the correct stimulus 
shifted on the second trial, and six sequences in 
which the first-trial position of the stimuli re- 
mained constant on the second trial. On two 
of the 10 sequences, the position of the positive 
stimulus remained constant through the first 
three trials. ; 

The data for analysts of the formation of learning 
sets include those obtained on (1) the 200 object- 
quality discriminations just described, (2) the 
first six trials of each of the 32 preliminary dis- 
criminations, and (3) the first six trials of each 
of an additional 112 discriminations (Discrimina- 
tions 201-312) that comprise the discrimination 
portion of the series of discrimination-reversal 
problems. Both the Preliminary series and the 
Discrimination series 201-312 were balanced for 
left-right position on all trials. The latter series 


6a Ob eg deemethe aoe 


contained 14 positional sequences in which the 
position of the correct stimulus changed on the 
second trial in six, on the third trial in four, on 
the fourth trial in two, and on the fifth trial in 
two. Fuller details will be given in a later pub- 
lication on analysis of discrimination-reversal 
learning. 


IV. Resutts 


Part I. Discrimination Analysis 


Learning curves for discriminations 

I-200 

Discrimination learning curves 
showing the mean percent errors made 
by the 11 monkeys on each of the six 
trials for Discriminations 1-100 and 
Discriminations 101-200 are pre- 
sented in Fig. 1. These curves show 
that learning was extremely rapid. 
On Trial 2 of the first and second 
hundred discriminations 82 and 87 
percent correct responses were made, 
respectively. Improvement in per- 
formance continued in the remaining 
trials, although the rate of improve- 
ment on these trials is significantly 
less than would be predicted from 
Hull’s postulated general learning 
curve based on a constant increment 
of growth (6, p. 114). Chi-square 
tests of goodness of fit (with Yates’ 
correction) of the obtained errors and 
theoretical errors as predicted from 
Hull’s formula, yield P-values of .oo1 
at all measured points (i.e., Trials 3, 
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Fic. 1. Discrimination learning curves 
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4, 5, and 6 for Discriminations 1-100 
and 101~200). 


Analysis of error factors: stimulus 
perseveration errors 


Stimulus perseveration errors are 
defined as the excess of consecutive 
errors following a first trial error be- 
yond those which would be predicted 
from the obtained frequencies of all 
errors. Though errors of this type 
appeared to result from preference 
for, or avoidance of, particular stimu- 
lus-objects, this error factor is defined 
independently of underlying causes. 


TABLE II 


Taeoretica, anp Ostainep NumBers 
or Consecutive Errors 








Theoretical Errors Obtained Errors 
Trial Trial 
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The theoretical probability of con- 
secutive errors through any given 
trial is computed for that trial by 
taking the product of the obtained 
percentage of errors on that and all 
preceding trials. For example, the 
probability that consecutive errors 
will have continued through Trial 4 
of a discrimination representative of 
Discriminations 1-100, is the product 
of .5, .175, .130 and .135. (See Fig. 
1.) 


The theoretical number of consecu- 
tive errors on any of the six trials for 
any group of discriminations is the 
product of the theoretical probability 
of consecutive errors through that 
trial, and the total number of re- 
sponses of all the subjects on that 
trial on all the discriminations in the 
group. The data of Table II give 
the theoretical and obtained number 
of consecutive errors for the first and 


second hundred discrimination prob- 
lems, based in each case on 1100 
responses. 

The number of stimulus persevera- 
tion errors was found by subtracting 
the theoretical consecutive errors from 
the obtained consecutive errors, the 
excess of the obtained over the the- 
oretical errors for any one trial being, 
by definition, stimulus perseveration 
errors. In Table III are given the 
number of stimulus perseveration 
errors and the percent total errors 
made on a particular trial that may 
be attributed to stimulus persevera- 
tion. 

There is an apparent contradiction 
in these data since in the second 100 
discriminations, the number of per- 
severation errors does not decrease 
from Trial 2 to Trial 3. In fact, a 
negative value is found for Trial 2, 
while positive values occur for suc- 
ceeding trials. Since, by definition, 
perseveration errors on Trials 3, 4, 5, 
and 6 depend upon perseveration 
errors on Trial 2, some additional 
factor or factors must be operating. 
The same factor or factors are prob- 
ably also operating in the first hun- 
dred discriminations, even though 
there is a small error reduction from 
Trial 2 to Trial 3. It will be noted 
that this reduction of errors is only 
one-fifth of that occurring between 
Trials 3 and 4. This trend is op- 
posite that to be expected from the 
operation of total consecutive errors. 


TABLE III 


Numper AND PercentAce or Stimutus 
PERSEVERATION Errors 








No. Perseveration 
Errors 


Percent Persevera- 
tion Errors 
Trial 
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An earlier experiment (12) suggests 
an explanation of this trend discrep- 
ancy. The number of theoretical 
consecutive errors is based on the 
assumption that an initial correct re- 
sponse and an initial incorrect re- 
sponse are followed with equal fre- 
quency by a correct response on Trial 
2. The earlier experiment, so con- 
trolled that initial preferences could 
not operate, showed, however, that 
initial unrewarded responses were fol- 
lowed by correct Trial 2 responses 
with 19 percent greater frequency 
than were initial rewarded responses. 

Since the obtained consecutive er- 
rors (Table II) are based on perform- 
ance following initial incorrect re- 
sponses only, the theoretical error 
frequencies should be based on per- 
formance following only initial incor- 
rect responses. 

On the basis of the earlier experi- 
ment (12, p. 335) it would appear that 
had all initial preference factors been 


held constant the percentage of errors 
expected for Trial 2 following initial 
incorrect responses would be about 
9.§ percent less than the percentage of 
errors following initial responses half 
of which were correct. and half incor- 


rect. The theoretical probability of 
consecutive errors for Trial 2 of Dis- 
criminations 1-100 would then be the 
product of .s and .o8, instead of .5 
and .175. This correction would 
thereby reduce the number of the- 
oretical consecutive errors from 96 to 
40 for Trial z, Discriminations 1-100. 
A comparable correction for Dis- 
criminations 101-200 reduces the ex- 
pected number of theoretical con- 
secutive errors on Trial 2 of this series 
from 69 to 16. These corrections 
would increase the number of per- 
severation errors from 33 to 89 for 
Trial 2, Discriminations 1-100, and 
from —2 to +51 for Trial 2, Dis- 
criminations 101-200. 


Analysis of error factors: differential 


cue errors 


The trial on which the stimulus- 
object first changes position is of 
particular significance in learning 
theory. Prior to this trial, a correct 
choice leads to reward of the multiple 
cues which the positive stimulus offers, 
including its position and its physical 
characteristics independent of posi- 
tion. Likewise, an incorrect response 
on a trial preceding the shift of posi- 
tion is followed by failure of reward 
of the multiple cues offered by the in- 
correct stimulus. This situation is 
referred to by Spence (13) as ‘ambigu- 
ous reinforcement,’ since the position 
and object-qualities of the chosen 
stimulus are simultaneously rewarded 
or unrewarded. On the first trial in 
which the positions of the stimuli 
change, the subject must make a re- 
sponse in terms of differential cues— 
he must respond either to the post- 
tional or object-quality cues which have 
previously been confounded. The 
term differential cue trial is used to 
designate this first trial involving 
change of position of the stimuli. 

In the present experiment there are 
four positional sequences in which the 
initial differential cue responses occur 
on the second trial, four in which 
initial differential cue responses occur 
on the third trial, and two in which 
the fourth trial is critical. For any of 
the first four trials (e.g., Trial 2) we 
can compare the percentage of errors 
made on those particular sequences 
which offer differential cues for the 
first time (sequences AF BG) with the 
percentage of errors made on those 
positional sequences in which the cues 
remain multiple (CHDIEJ). The 
difference is a measure of the role of 
shift from multiple to differential cues 
in the production of errors. 

Table IV presents a comparison of 
the errors made on differential cue and 
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TABLE IV 


Companison or Errors Mave on Comparasie Muttiecte Cue 
AnD DirrerentTiaL Cve Trias 


MC = multiple cue, DC = differential cue 











Total 
Responses 


Total 
Errors 


Percent : 
Errors x 





Discriminations 1-100 Trial 2 
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440 





103 


89 


16 
20 

















Discriminations 1-100 Trial 3 








220 
440 


18 
72 


8 
16 
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minations 101-200 Trial 











660 
440 





68 
71 


10 
16 

















Discriminations 101-200 Trial 
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220 





440 


14 
50 




















on multiple cue trials for Trials 2 and 
3. The significance of the differ- 
ences between the errors on the dif- 
ferential cue and multiple cue trials, 
and the comparable-trial error ratios 
are also presented. The comparable- 
trial error ratio (C.T.E. ratio) is ob- 
tained for any trial by dividing the 
percentage of errors made on those 
positional sequences in which the re- 
sponse is to differential cues, by the 
percentage of errors made on those 
positional sequences in which the re- 
sponse is to multiple cues. 

The data of Table IV show that a 
higher percentage of errors is always 
made on the first differential cue trial 
than on comparable multiple cue 
trials, and that the ratio of errors 
between these two cue-type trials 
ranges from 1.25 to 2.00. The con- 
fidence level for the significance of the 


differences in errors as measured by 
chi-square ranges from .o1 to .os. 

Fig. 2 presents graphically the per- 
centage of correct responses made on 
the second and third trials for both 
the multiple and differential cue 
trials. These data can be analyzed in 
terms of the percentage of total errors 
on the differential cue trial attribut- 
able to the shift from multiple cue 
trials. The difference between the 
percentage of total errors made on the 
differential cue trial and the compar- 
able multiple cue trial for any particu- 
lar trial (Trial 2 or Trial 3) is divided 
by the percentage of total errors made 
on the same differential cue trial. 
The resulting quotients are presented 
in Table V. 

These data show that the percent- 
age of errors attributable to shift from 
multiple to differential cues is greater 
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on Trial 3 than on Trial 2. It is also 
seen that the percentage of errors 
attributable to shift from multiple to 
differential cues remains almost con- 
stant in the first and second 100 dis- 
criminations, indicating that this shift 
is a much more persistent error-pro- 
ducing factor in the series of problems 
than is stimulus perseveration. 


Analysis of error factors: response 
shift errors 


A consistent tendency for monkeys 
to make more errors following a cor- 
rect response than following an incor- 
rect response in discrimination train- 
ing situations has been reported (5, 
12). This behavior could be thought 
of as a tendency to ‘try out’ or ‘ex- 
plore’ both stimuli in a discrimination 
problem. In this paper it is called 
response shift. 

Response shift errors are seriously 
confounded with other errors, particu- 
larly in the early trials where stimulus 
perseveration errors and differential 
cue errors are frequent. Indications 
of the presence of response shift are 
obtainable, however, especially on 
the later trials. The two measures 
used here to separate out response 
shift errors were selected so as to in- 
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Fic. 2. Correct responses on multiple 
cue and differential cue trials 


clude as few extraneous errors as 
possible. In so doing, we are no 
doubt excluding many errors which 
stem from the tendency to shift re- 
sponse. The measures here presented 
are regarded as minimal indicators of 
response shift tendencies, rather than 
accurate measures of the percentage of 
response shift errors. 


TABLE V 


PercentaGE or Errors on Tae DirreERENTIAL 
Cue Triars Atrrisutas_e To Sart From 
Muttiete to Dirrerentiat Cues 








Discriminations Trial 2 Trial 3 





1-100 29 50 
101-200 31 45 











Two measures of response shift 
errors have been calculated: (1) The 
difference has been found between the 
percentage of errors on Trials 4, 5, and 
6 when all previous responses have 
been correct, and percentage of errors 
on the corresponding trials when the 
first trial was incorrect and the inter- 
vening trials were correct. (2) The 
difference has been computed between 
the percentage of errors on the trial 
immediately following a sequence of 
two, three or four correct responses 
when Trial 1 was correct and therefore 
included in the sequence, and the per- 
centage of errors when Trial 1 was in- 
correct and therefore excluded from 
the sequence. Thus, this second 
measure compares error frequencies 
after equal numbers of correct re- 
sponses and thereby utilizes non- 
comparable trials, whereas the first 
measure compares corresponding trials 
following unequal sequences of cor- 
rect responses. In view of the small 
number of total errors on Trials 3-6, 
the data of Discriminations 1-200 
were grouped for the response shift 
error analysis. 
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Table VI presents data on the per- 
centage of response shift errors com- 
puted by the first method—compar- 
able trial analysis. It is seen that a 
total of 156 errors in 2206 responses 
was made on the trial following a 
series of three, four or five successive 
correct responses, whereas only 96 
errors in 2288 responses were made on 
the trials following two, three or four 
successive correct responses preceded 
by the incorrect Trial 1 response. 
The P-value for difference in number 
of errors on Trials 4—6, as measured by 
chi-square, is .oo1. Comparable chi- 
square tests on individual trials yield 
P-values of .20 to .o1. The percent- 
ages of responses on Trials 4-6 which 
can be regarded as response shift 
errors are seen to range from 1.5 to 
3.9. Response shift errors comprise 
41 percent of all errors on Trials 4-6 
of those sequences in which all pre- 
ceding responses were correct. This 
is obtained by dividing the percentage 
of response shift error responses (2.9) 
by the percentage of all erroneous 
responses on these trials (7.1). 

Parallel data for response shift 
errors on trials following equal se- 
quences of correct responses are given 
in Table VII. It is found that the 
percentage of responses on Trials 
3-5 which can be regarded as response 
shift errors is greater than that ob- 
tained on Trials 4-6 by the first meth- 
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od (see Table VI). It is to be noted, 
also, that the P-values for chi-square 
tests of differences in errors following 
equal sequences of correct responses 
range from .05 to .oo1 for individual 
trial comparisons. Fifty-seven per- 
cent of all errors may be considered 
response shift errors on Trials 3-5 for 
those sequences meeting the criterion 
of no preceding errors. This com- 
pares with 41 percent response shift 
errors analyzed by the first method on 
Trials 4-6. 

Phenomena similar to these re- 
ported here have been mentioned by 
previous workers. Tolman (15) and 
Hunter (7) have described spontane- 
ous alternation of responses in rats, 
and Dennis (1) has presented quanti- 
tative data to confirm the phenom- 
enon. The operation of Hull’s con- 
struct, reactive inhibition (6), might 
produce errors of the type described. 


Analysis of error factors: position habit 
errors 


The right-position errors and the 
left-position errors were computed for 
each of the monkeys, and the signi- 
ficance of the differences was deter- 
mined by chi-square tests. No differ- 
ence beyond the 10 percent confidence 
level was found for any animal for 
Discriminations 1-100. For Dis- 
criminations 101-200, three subjects 


TABLE VI 


Response Suirt Errors on ComparaBLe TRIALS 








Trial 1 Correct 


Trial 1 Incorrect 


Percent Re- 





Number 
Responses 


nse Shift 
irror Re- 


Percent 
E 





770 
737 
699 





2206 
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TABLE VII 


Response Suirt Errors Fotrowinc Series or Equat 
Numpers or Successive Correct Responses 








Trial 1 Correct 


Percent Re- 





Number 


Percent 
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—go, 104, and 108-—showed tend- 
encies toward left position errors sig- 
nificant at or beyond the one percent 
confidence level. These data show 
that position preferences operated as 
error producing factors in some sub- 
jects after very extensive discrimina- 
tion training. 


Analysis of error factors: daily running 
order 


Each monkey ran 10 sir-trial dis- 
criminations each day. This involved 
some pre-trial feeding in the experi- 
mental room, 50 inter-trial rewards, 
food rewards on all correct trials, and 
nine additional feedings between dis- 
criminations. Thus, during the 
course of each daily experimental 
session a considerable number of re- 
sponses was obtained and a substantial 
amount of food was eaten or retained 
in the cheek pouches. Since food con- 


sumption and other factors, such as 
fatigue or reactive inhibition (6, p. 
277), might be expected to influence 
error scores, the total errors made by 
each animal in both the first and 
second 100 discriminations were 
grouped in terms of the daily running 
order of the discriminations. The 
total errors made by each animal on 
the first and second discriminations 
run each day, on the third and fourth 
discriminations run each day, and so 
on, were computed. These data are 
presented in Table VIII. 

The most significant finding is the 
relatively even performance through- 
out the long day’s run. None of the 
means within either 100 discrimina- 
tions in Table VIII is significantly 
different from any other mean in the 
same 100 discriminations, and there is 
no consistent trend in difference in 
efficiency of performance during the 
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daily run. Furthermore, comparison 
of the error scores made on the last 
two discriminations of each day with 
the error scores made on the first two 
discriminations of the day immedi- 
ately following, gives differences which 
do not approach statistical signifi- 
cance. 

This finding does not eliminate the 
possibility of some detrimental effect 
resulting from reduction in food drive 
or cumulation of fatigue or reactive 
inhibition during the course of a day’s 
run. If such a condition is involved, 
however, its effects must have been 
obscured by some factor or factors 
operating to improve performance 
during the course of the session. Such 
factors might be learning within the 
session and reduction in emotional 
reactions. It should be noted, how- 
ever, that while food satiation or 
fatigue may have occurred, the effects 
were not sufficiently great to produce 
a decrement in performance on the 
later problems on a day. 


Part 11. Analysis of the Formation 
of Learning Sets 


Discrimination learning set curve 


The data of the present experiment 
show that the monkeys improved 
progressively in their ability to solve 
discrimination learning problems dur- 
ing the course of a long series of such 
problems. This fact is illustrated in 
Fig. 2 in Harlow (3a), which shows 
the percentage of correct responses on 
Trials 1-6 of Preliminary Discrimina- 
tions 1-8, 9-16, 17-24 and 25-32, and 
Discriminations 1-100, 101-200 and 
201-312.' This is, then, a record of 

1 It should be kept in mind while inspecting 
Fig. 3 of this paper and Fig. 2 of (3a) that the 
preliminary discriminations were each run for 
50 trials, but only the first six trials were used. 
The additional experience on each preliminary 
discrimination doubtless increases the steepness 
of the preliminary discrimination curves and 
might have affected the form of the curves. 


HARLOW 


discrimination learning in monkeys 
from the time they first faced a labor- 
‘atory problem until they had com- 
pleted a series of 344 problems. 

The change in efficiency of learning 
is strikingly revealed by comparing at 
various stages in the series of dis- 
criminations, the percentage of cor- 
rect Trial 2 responses, which measures 
the gain in performance efficiency fol- 
lowing the single paired stimulation of 
Trial 1. The percent correct re- 
sponses on Trial 2 was slightly over 
50 for preliminary discriminations 
1-8, approached 95 for discrimina- 
tions 201-312, and actually surpassed 
g5 for the last 56 discriminations of 
this group. 

The form of the discrimination 
curves for various blocks of problems 
is seen to change during the long 
series of discriminations. For Pre- 
liminary Discriminations 1-8, the 
learning curve appears to be S-shaped. 
For the discrimination blocks begin- 
ning with 1-100, the learning curves 
are apparently negatively accelerated. 

It becomes obvious that the position 
of a problem in a series of discrimina- 
tions is a factor in determining: (1) 
the form of the learning curve for the 
problem, (2) the percent correct re- 
sponses on any particular trial, e.g., 
Trial 2, and (3) the percent correct 
responses on a particular discrimina- 
tion. All of these measures reflect 
the increasing efficiency of the sub- 
jects in solving object-quality dis- 
criminations. This progressive im- 
provement from problem to problem 
represents the formation of a learning 
set. Just as the learning curve is 
plotted in terms of change in perform- 
ance from trial to trial, so the learning 
set curve is plotted in terms of change 
in performance from problem to prob- 
lem. Fig. 5 introduces, in terms of 
percent correct Trial 2 responses, the 
learning set curve for Preliminary Dis- 
criminations 1-8, 9-16, 17-24, 25-32, 
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and Discriminations 1-100, 101-200, 
201-312. 

Habit is reflected in the change of 
performance on successive trials of a 
single problem; learning set is re- 
flected in the change of performance on 
successive problems of a series. The 
learning set curve presented here 
utilizes correct Trial 2 responses. 
Total correct responses, correct re- 
sponses on any trial or trials, or any 
comparable error measure would be 
equally acceptable indicators of learn- 
ing set. 


Learning set analysis 


Just as the learning of discrimina- 
tion problems can be described in 
terms of the reduction of error-pro- 
ducing factors, so can the formation of 
discrimination learning sets also be 
described in terms of the reduction of 
these same error-producting factors. 
Having already related the learning 
from trial to trial within a single dis- 
crimination problem to the reduction 
of the various error-producing factors, 
we shall now relate the learning from 
problem to problem within a series of 
discrimination problems to the reduc- 
tion of three important error-produc- 
ing factors. We wish to stress not 





PER CENT ERRORS 








nS 





v T — 
1-100 101-200 20) -32 


Ors CRA TIONS 


Fic. 3. Stimulus perseveration errors. 


Trial 3 responses 





cre ratio 











a on Tv nee 
1-100 101-200 201- se 
OVS CRIM INATIONS 


Fic. 4. Comparable-trial error ratio. 
Trial 3 responses 


only that the error-producing factors 
are suppressed, but also that they are 
suppressed at differential rates with 
progressive experience. 

The reduction in stimulus-persevera- 
tion errors is shown in Fig. 3. Per- 
severation errors in Trial 3 responses 
approximated 22 percent in Dis- 
criminations 1-100, 6 percent in Dis- 
crimuinations 101-200, and o percent 
in Discriminations 201-312. The 
same phenomenon is illustrated by 
these facts: perseveration errors on a 
single discrimination extended 
through Trial 6 in Discriminations 
1~100, through Trial 4 in Discrimina- 
tions 101-200, and through Trial 2 in 
Discriminations 201-312. 

The reduction in errors attributable 
to shaft from multiple cues to differential 
cues is shown in Fig. 4. The measure 
used is the comparable-trial error 
ratio (C.T.E. Ratio) for Trial 3. 
The figure shows a drop in C.T.E. 
Ratio from approximately 2.0 for 
Discriminations 1-100, to 1.5 for Dis- 
criminations 101-200, and finally to 
1.0 for Discriminations 201-312. 

The contribution of response shift 
errors (as determined from analysis of 
comparable trials) to total errors on 
Trials 4-6 for successive series of dis- 
criminations is presented in Table LX. 
It is seen that response shift error 
responses and indeterminate error 
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TABLE IX 
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57 
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responses (errors on Trials 4-6 fol- 
lowing incorrect response on Trial 1 
and correct response on intervening 
trials) decrease from 9.1 and 6.4 per- 
cent for Discriminations 1-100, to 5.3 
and 2.3 percent for Discriminations 
101-200, and 3.3 and 1.3 percent for 
Discriminations 201-312. The dif- 
ferential decrease in the response shift 
errors and indeterminate errors in the 
successive series of discriminations re- 
sults in increasingly large percentages 
of total errors on Trials 4—6 being at- 
tributable to response shift where re- 
sponses on all preceding trials of a 
problem have been correct. Fig. 5 
portrays graphically the data con- 
tained in the last column of Table IX. 
This curve shows strikingly the per- 
sistence of response shift errors. 
Though the number of errors has 
dropped with each series of discrimi- 
nations, the rate of decrease has lagged 
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behind the rate of decrease of the in- 
determinate errors, with the conse- 
quent finding that the proportion of 
response shift errors more than dou- 
bles from Discriminations I-100 to 
Discriminations 201-312. 


VI. Discussion 


It has been customary to present 
the data of learning experiments in the 
form of learning curves and, fre- 
quently, to express the characteristics 
of these curves by mathematical 
equations. Such curves are obvi- 
ously the resultants of complex proc- 
esses neither defined nor delimited 
by the individual curve or its equation. 
To differentiate and identify the un- 
derlying processes, it is essential to go 
beyond the individual curve and to 
compare multiple curves obtained by 
systematic manipulation of independ- 
ent variables in the learning situation. 
Such manipulation and comparison 
has revealed, as we showed in the 
preceding pages, the presence of cer- 
tain underlying partially separable 
processes which we have called error- 
producing factors. 

Evidence for the operation of these 
diverse error-producing factors on 
succeeding trials of a discrimination 
problem has been obtained through 
analysis of responses on varied but 
balanced positional sequences. Op- 
eration of these factors over the entire 
series of problems was analyzable 
through the manipulation of still an- 
other variable—experience—effected 
through balancing the positional se- 
quences for blocks of problems of 
equal difficulty. Thus, the minimal 
manipulable unit of experience for 
Discriminations 1-200 was a block of 
10 problems, in which each of the ten 
positional sequences appeared once, 
and for Discriminations 201-312, a 
block of 14 problems containing 14 
positional sequences. 
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The description of the learning of 
individual problems and of sets in 
terms of the suppression of error- 
producing factors is strictly at an 
operational level. We measured 
learning in terms of error reduction 
and named our constructs accordingly. 
It would be equally justifiable to de- 
scribe the learning in terms of positive 
response tendencies developing within 
the animal. Thus, the suppression 
of the differential cue errors might be 
described as the developing tendency 
to respond to the correct object. in- 
dependent of its position. 

Tolman (16) stressed the import- 
ance of the analysis of the determi- 
nants of behavior at a choice point in 
a well-known systematic paper (16). 
The principal paradigm that he used 
was a unit of a T-maze, commonly 
employed for spatial discrimination 
problems without stimulus ambigu- 
ity. As Tolman points out, many 
important variables have been studied 
The spa- 


using this simple situation. 
tial discrimination, however, has great 
limitations for learning analysis, 
especially in the control of the experi- 
ence variable, since a series of such dis- 
criminations cannot be presented with- 


out inadvertently introducing the 
complication of discrimination rever- 
sals. 

Any analysis of the factors deter- 
mining the choice point behavior in 
object-discrimination must take as its 
point of departure the _ recondite 
theoretical analysis by Spence (13), 
who showed the operation of ambiguity 
of reinforcement in such discrimina- 
tions. On theoretical grounds he 
also deduced the changing influence of 
differential cue reinforcement from 
trial to trial, but he has never sup- 
ported this deduction with experi- 
mental data. 

Of marked importance to general 
learning theory is our finding of the 


striking change in the speed with 
which monkeys learned comparable 
discrimination problems within a ser- 
ies. Learning theorists have previ- 
ously expressed varying opinions 
about the speed of learning in sub- 
human subjects. Continuity theorists 
Hull (6) and Spence (14) have em- 
phasized gradual learning, though 
their theories can easily encompass 
one-trial learning by the assignment 
of appropriate values to the param- 
eters in their equations. Discon- 
continuity theorists Guthrie (2), Koh- 
ler (8), Krechevsky (9), Lashley (10) 
and Lewin (11) have emphasized sud- 
den, insightful, and one-trial learning, 
although they have described condi- 
tions that might produce less rapid 
learning. 

Continuity theorists have ac- 
counted for single-trial learning on the 
basis of generalization from previous 
experience, or extremely strong rein- 
forcement such as in emotional con- 
ditioning. Discontinuity theorists 
have accounted for failure to obtain 
one-trial learning consistently, as the 
result of interference (2), * incorrect 
hypotheses (9) or inappropriate sets 
(ro). Thus, both continuity and 
discontinuity theorists believe that 
they have adequate explanations for 
both rapid and slow learning. 

The results of the present study sug- 
gest that the controversy between the 
exponents of these two positions is 
somewhat artificial if the subject’s 
performance on a particular learning 
problem is considered in the context 
of his past experience. In the solu- 
tion of a long series of discrimination 
problems, monkeys showed progres- 
sive change from gradual learning to 
one-trial learning, as is apparent in 
the learning curves for successive 
series of discriminations (Fig. 4). 

These data are not opposed to the 
positions maintained by either the 
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continuity or the discontinuity the- 
orists. The discontinuity theorists 
might account for the slow rate of 
learning of the initial discriminations 
in terms of interfering factors such 
as the error-producing factors we have 
described. The continuity theorists 
might account for the rapid rate of 
learning of the late discriminations in 
terms of such mechanisms as large 
F-values (6, p. 119) or large incre- 
ments of excitation or inhibition on 
the initial trial of each problem (13, 
Pp. 447), recognizing that these param- 
eters have changed during the 
course of the series of discrimination 
problems. 

We have emphasized that a dis- 
crimination learning set is not a uni- 
tary change but is the resultant of a 
multiplicity of changes which have 
taken place at different rates and with 
different degrees of efficiency at the 
time of the presentation of any partic- 
ular problem in a series. Learning 
curves can be drawn for each of the 
changes contributing to a learning 
set, such as elimination of stimulus 
perseveration errors, differential cue 
errors, and response shift errors. All 
the data we have indicate that the 
changes in each of the component 
factors underlying the discrimination 
learning set are gradual. Thus, a 
discrimination learning set which 
eventually makes one-trial learning 
the rule, and not the exception, is it- 
self acquired gradually. Broadly 
considered, therefore, the data on the 
formation of discrimination learning 
sets are more in line with continuity 
learning theory, than with discontinu- 
ity learning theory. 


VII. Summary anp ConcLusions 


1. Eleven monkeys were run on a 
series of 200 six-trial discriminations 
utilizing 10 different positional se- 
quences. Detailed analyses were 


made of various error factors operat- 
ing in discrimination learning. 

2. The primary error factors anal- 
yzed were: stimulus perseveration, 
differential cue, and response shift. 
Frequency of errors was not found to 
be related to the amount of food previ- 
ously consumed or the number of 
preceding trials during the course of 
the day’s run. 

3. Data from a series of 344 dis- 
crimination problems were analyzed in 
terms of progressive improvement in 
performance from problem to problem. 
This progressive improvement has 
been described as the formation of a 
learning set. 

4- Early in the discrimination ser- 
ies, the monkeys learned discrimina- 
tions gradually. On later problems, 
the monkeys learned most of the dis- 
criminations in a single trial. 

5. The acquisition of the discrimi- 
nation learning set was gradual and 
appeared to be a continuous rather 
than a discontinuous process. 

6. Analysis was made of the changes 
in certain error-producing factors over 
the course of the discrimination prob- 
lem series. The rate and degree of 
reduction of the different error-pro- 
ducing factors were found to vary. 


(Manuscript received February 3, 1949) 
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A PRELIMINARY STUDY OF TRAINING CONDITIONS 
NECESSARY FOR SECONDARY REINFORCEMENT 


BY W. N. SCHOENFELD, J. J. ANTONITIS, AND P. J. BERSH 
Columbia Untoersity 


INTRODUCTION 


The principle of secondary rein- 
forcement, whether in Pavlovian 
higher-order or in operant condition- 
ing, holds that a neutral stimulus 
acquires reinforcing power when it is 
correlated with the occurrence of a 
reinforcing stimulus. This broad 
statement is as much as is usually 
found in the literature, although oc- 
casionally a writer may add that the 
correlation must be ‘close and con- 
sistent’ (4). In the course of several 
experiments performed by the au- 
thors, there arose questions concern- 
ing (a) the influence of the temporal 
relation of neutral and reinforcing 
stimuli and (b) the role of discrimin- 
ation training in the establishment of 
a neutral stimulus as a secondary 
reinforcer for operant responses. 

Our earlier experiments had to do 
with the possibility that secondary 
reinforcing properties imparted to a 
previously neutral stimulus can act 
independently of the conditions ex- 
isting at the time of their acquisition. 
Preliminary data obtained in this 
laboratory, as well as others com- 
municated, and since published, by 
Estes (2), suggested such independ- 
ence of secondary reinforcing proper- 
ties. As compared with the training 
(establishment) situation, a test situ- 
ation may involve (a) a change in the 
response employed and (b) a change 
in drive. Two full-scale experiments 
were performed by the authors, the 
first involving a change in both drive 
and response and the second a change 
in drive alone. Since the first yielded 
a negative result, and the second, per- 


formed as a simpler case, also failed, 
we were led to re-examine the pro- 
cedure used for establishing the neu- 
tral stimulus as a secondary rein- 
forcer. The outcome was the present 
experiment, in which training and test 
situations employed the same response 
and drive, but in which the correlation 
of neutral and reinforcing stimuli was 
that used in the earlier experiments. 
It will be seen that this correlation 
held the key to earlier failures, and 
that it raises the general problem of 
identifying and specifying the condi- 
tions necessary and sufficient for 
establishing a neutral stimulus as a 
secondary reinforcer for operant re- 
sponses. 


APPARATUS AND PROCEDURE 


The subjects were 20 male albino rats of 
Wistar stock, 90-110 days of age. On the day 
following their arrival from the Institute, they 
were placed in individual cages which served as 
both permanent living quarters and experi- 
mental boxes. These cages were slightly modi- 
fied versions of those described in (3). The 
next day the cages were transferred to an experi- 
mental room, and the animals were put on a daily 
hunger rhythm consisting of 23 hours of depriva- 
tion and one hour of feeding. At the end of 
each feeding hour the cage was cleaned and the 
sawdust replaced to prevent food hoarding. 
During cage cleaning each animal was handled 
for a few minutes for gentling purposes. The 
feeding rhythm was maintained unchanged 
throughout the experiment, and fresh water was 
available at all times. After the hunger rhythm 
had been in effect for three days, the experiment 
proper began and ran through the following con- 
secutive phases: 

1. Operant level determinations (measurements 
of pre-training, unconditioned bar-pressing activ- 
ity).—For one hour on each of six consecutive 
days, records were taken of the bar-pressing 
activity of each animal. The animal’s cage was 
transported to an experimental table across the 
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room and was positioned with respect to the 
response lever and recorder connections. 
Through an opening in the cane-metal top of the 
cage was inserted a light bulb which was later to 
provide a reinforcement-correlated stimulus for 
the experimental group. This bulb, a 12-16 v., 
2 a. indicator lamp, GE 1487, was suspended 
about six in. above the food tray and was 
pinioned against the wall containing the 
H-shaped slot for the response lever. Following 
insertion of the light, 10-12 min. were permitted 
to elapse before the lever was made available 
for the animal. 

During these hourly runs, every depression 
of the bar was accompanied by a light of one 
second duration with a measured error of +.1 
sec. This duration was regulated by a timing 
device and was independent of the duration of 
the bar-pressing response. However, if re- 
sponses followed one another at less than one-sec. 
intervals, the light did not terminate until one 
sec. after the last response. Records of respond- 
ing were taken automatically on waxed tape 
recorders having a tape speed of one mm. per 
sec. Detailed descriptions of the recorders and 
response levers may be found in the earlier refer- 
ence (3). Four complete apparatus set-ups were 


built to permit the simultaneous running of four 
animals. 

The response levers required an average force 
of 10 gm. for depression, and, although they 


differed only slightly in this, the precaution was 
taken of systematically rotating the animals 
from day to day on the four bars. The working 
period was followed after 15 min. by the daily 
. feeding period; the start of feeding for one group 
of four rats marked the start of the working hour 
for the next group of four. 

For the later phases of the experiment, the 
animals were divided into experimental and con- 
trol groups of 10 rats each, equated on the basis 
of operant level activity for the last two of the 
six days. This matching was important in 
order to preclude the distortion of results in the 
test situation because of discrepancies in the un- 
conditioned response levels for the two groups. 
It has been a common finding in this laboratory 
that the last two days of a six day period are 
fairly representative of the ultimate level 
reached by unconditioned bar-pressing activity 
under hunger drive (5). The four animals 
working at a given hour were sorted in such a 
way as to yield matched experimental and con- 
trol groups without introducing any changes in 
their feeding or working hours. 

j2. Training.—On the day following the last 
operant level session, there began the training 
apd conditioning phase, which may be summar- 
ized as follows: 


a. Forty pellets were dropped one at a time 
into the food tray of the animal’s cage. This 
pre-conditioning procedure served to train the 
animal to find food in the tray and to approach 
it at the sound of a falling pellet. Pellet deliver- 
ies were not accompanied by the light stimulus. 
This procedure was completed for any one animal 
in a single day. 

b. In conditioning the bar-pressing response, 
100 regular reinforcements were given each ani- 
mal, 50 on each of two days. In the case of the 
experimental animals, the light stimulus was cor- 
related with each reinforcement in the following 
manner: ‘The experimenter, who at this stage 
controlled the onset of the one-sec. light, waited 
until the animal had seized and begun to eat the 
pellet before presenting the light. Both visual 
and auditory cues were used to determine the 
onset of cating. The experimenter was careful 
never to permit the light to precede eating be- 
havior, Onset of the light followed onset of 
eating by approximately one second. The pel- 
lets, weighing .1 gm. each, were cylindrical in 
shape, } in. long by } in. in diameter, molded 
from wet Purina chow, and dried to a hard con- 
sistency. Animals were found to require at 
least 10 sec. to consume a single pellet. Thus, 
termination of the one-sec. light preceded the 
end of eating by a considerable time. In short, 
the reinforcement-correlated light was present 
only during actual eating behavior. The con- 
trol animals were trained in the same way as the 
experimental animals, except that the light 
stimulus was absent during their conditioning. 

It may be noted here that the pre-conditioning 
procedure wes effective in insuring almost im- 
mediate ccnditioning. No animal failed to con- 
dition within five min., nor were more than three 
reinforcements necessary before a steady rate of 
bar-pressing was evidenced. 

The training and conditioning phase required 
six days, half the group working on each of three 
alternate days. During this phase two animals 
were run at the same time, one experimenter 
per animal. 

3. Extinction.—-This phase began on the day 
following the last conditioning session. Four 
daily extinction sessions, each lasting one hour, 
were given on successive days to both control 
and experimental animals. Conditions were 
the same for both groups. Bar depressions were 
unreinforced, and in no case did the response 
produce the light. The purpose of these extinc- 
tion sessions intervening between the condition- 
ing and test phases was to reduce the strength of 
the response to a level where possible secondary 
reinforcing effects of the light could more easily 
be detected. As in phase (1), four animals were 
run simultaneously. 
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4- Test.—Test sessions, each lasting one 
hour, were given on two consecutive days im- 
mediately following the fourth extinction session. 
The conditions during this phase were the same 
for both groups and exactly duplicated those 
described in phase (1). The important feature 
of these sessions was the fact that every bar 
depression by animals of either group produced 
the one-sec. light. 


REsuLTs 


The relevant data, comparing the 
performance of the experimental and 
control groups, are presented in Table 
I. As indicated there, the control 
group was reduced to eight animals 
by the necessary elimination of two 
rats who, during extinction and test 
stages, had developed the habit of 
biting the response lever and conse- 
quently produced records which could 
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not be interpreted or properly meas- 
ured. While the operant level match 
had been made on the basis of 10 
animals in each group, it may be seen 
from the table that the loss of two 
control animals did not materially 
affect this match. 

In each column of the table, the 
standard deviation is given with 
each mean, although some of the 
distributions on which the means are 
based are mildly skewed or lepto- 
kurtic (5). 

The means given in the column 
headed ‘5 + 6’ are for the sums of the 
responses made by each of the animals 
on the last two days of operant 
level. The ¢#-tests between means 


for the operant level phase show that 


TABLE I 


Means, VARIABILITIES AND t-Tests ror THE Susyect Groups IN THE 


Pancreat Staces or THE EXPERIMENT 





Operant Level 


Extinction 





Total Re- 


Day 6 sponses 
(4 Days) 





Control Group 
(N = 8) 


292.0 
91.3 





Experimental Group 
(N = 10) 

















Extinction + 
Test Days 





Control Group 
N = 8) 


382.1 
109.0 





Experimental Group 
(N = 10) 


384.8 
110.3 











052 
16 
.JO-1.00 
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none of the differences approach 
significance. 

The mean total number of responses 
made by control and experimental 
animals over the four days of extinc- 
tion are also shown to be not signifi- 
cantly different. Similiarly, the 
groups fail to differ significantly in 
means either on the two test days 
taken separately or for the sum of the 
responses made on the two days com- 
bined. Considering, therefore, that 
the test days are in no way different 
from the extinction days for the two 
groups, it would be expected that the 
average number of responses made 
by the groups over all six days would 
be the same. The final column of 
Table I shows that this is the case. 


Discussion 


It is clear from the data reported 
that the principle of secondary rein- 
forcement in its general form implies 
more than has thus far been experi- 


mentally demonstrated. The corre- 
lation of neutral and _ reinforcing 
stimuli used here apparently meets 
the indefinite requirements usually 
given. Yet it did not suffice to im- 
part reinforcing properties to the 
neutral stimulus. At present, there 
seems to be no reason to ascribe the 
absence of an effect to the extinction 
that intervened between training and 
test. 

Accordingly, there arises the prob- 
lem of specifying more exactly the 
necessary and sufficient conditions for 
establishing a stimulus as a secondary 
reinforcer for operant responses. Any 
consideration of such conditions should, 
on the basis of present knowledge, in- 
clude the following: 


1. The temporal relation between the 
neutral and reinforcing stimult.—Pre- 
vious studies (e.g., 1, 2, 6) have either 
involved the presentation of the 


neutral stimulus prior to a reinforcing 
stimulus; or have used a neutral 
stimulus of indefinite extent starting 
before the onset of, and continuing 
during and after, reinforcement (e.g., 
7). In these, the matter of correla- 
tion was incidental to other purposes. 
What is needed at present is a finer 
analysis of temporal relations, and 
functional studies on the effect of this 
variable upon the establishment of 
secondary reinforcement. 

In our procedure, the neutral stimu- 
lus was presented during a chain of 
ingestive responses (e.g., seizing the 
food, bringing it to the mouth, chew- 
ing, salivating, swallowing, and so on). 
Since the point of unconditioned (the 
hypothetical ‘primary’) reinforcement 
in, or following, this chain is unknown, 
the time of pellet delivery has usually 
been regarded as marking the onset of 
reinforcement. By this convention, 
or by that of regarding onset of eating 
as the point of reinforcement, our 
procedure was one of backward con- 
ditioning. To have expected, on this 
ground, the negative result obtained, 
would have been to overlook, however, 
several features of the present pro- 
cedure. The rather considerable dur- 
ation of the light during the ingestive 
chain undoubtedly meant that it pre- 
ceded some, and overlapped other, 
respondent and operant components 
of the chain. Accordingly, the light 
should have become a conditioned 
stimulus for respondent components, 
and was in the temporal relation of a 
discriminative stimulus for operant 
members. ‘The failure of the light to 
act as a secondary reinforcer implies, 
consequently, that the acquisition of 
Pavlovian conditioned properties does 
not suffice to establish a stimulus as a 
secondary reinforcer for operant re- 
sponses. In addition, it poses the 
problem of the effect. of the training 
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schedule involving the neutral stimu- 
lus. 

2. The type of training used to cor- 
relate neutral and reinforcing stimuli. 
—While it is possible that an invariant 
forward relation of neutral stimulus 
and operant responses leading to rein- 
forcement (i.e., temporal priority of 
the neutral stimulus to reinforcement, 
but without specific discrimination 
training) may impart reinforcing prop- 
erties to the neutral stimulus, our re- 
sults suggest that selective reinforce- 
ment (i.e., discrimination training) is 
ordinarily required to yield a measur- 
able effect. The development of a 
discrimination (beyond its initial ex- 
istence as a function of a generaliza- 
tion gradient) involves not only the 
reinforcement of responses made in 
the presence of a positive stimulus, 
but the withholding of reinforcement 
for responses made in the absence of 
the positive stimulus or in the pres- 
ence of a negative stimulus. The pro- 
cedure of invariably presenting the 
light after onset of eating meant that 
the occurrence of unreinforced re- 
sponses in the absence of the light was 
impossible. Accordingly, the light 
may have failed to act as a secondary 
reinforcer because it had not, through 
selective reinforcement, become suf- 
ficently discriminative for subsequent 
operant responses. If this reasoning 
is correct, the need for temporal 
priority (or possibly simultaneity) of 
the neutral stimulus may be an in- 
cidental consequence of the need for 
discrimination training. 

Those experiments which seem to 
indicate that no discrimination train- 
ing is required are not unequivocal. 
Thus, in Bugelski’s experiment (1), 
click-accompanied reinforcements 
were given for each bar-pressing re- 
sponse, and extinction was compared 


for conditions of click-present and 
click-absent. The possibility cannot 
be ruled out that his procedure re- 
sulted in the formation of a discrimi- 
nation. During conditioning, later 
members of the chain (e.g., approach 
to food tray) could have occurred 
without a preceding bar response and 
associated click, and thus a discrimi- 
nation could have been formed through 
the contrast of absence of reinforce- 
ment in the absence of the neutral 
stimulus and presence of reinforce- 
ment in the presence of the neutral 
stimulus. In this discrimination, the 
bar pressing response may have been 
irrelevant. Yet, if such a discrimina- 
tion were formed, bar pressing as a 
prior member of the chain would have 
been subject to the reinforcing action 
of a stimulus that was discriminative 
for later members. This possibility 
may have been neglected simply be- 
cause it was the bar pressing response 
which was recorded. 

Studies are now in progress in this 
laboratory on some of the problems 
generated by the present experiment. 
They include (a) a functional study 
of the time variable separating onset 
of the potentia! secondary reinforcing 
stimulus from its correlated reinforce- 
ment; (b) a functional study of the 
effect of varying ratios of reinforced 
to unreinforced responses in the dis- 
crimination training applied to the 
potential secondary reinforcing stimu- 
lus; and (c) the interchangeability 
of the discriminative and reinforcing 
functions of a_ reinforcement-corre- 
lated stimulus. 


(Manuscript received January 28, 1949) 
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RESISTANCE TO EXTINCTION AS A FUNCTION 
OF THE AMOUNT OF REINFORCEMENT 
PRESENT DURING ACQUISITION ! 

BY BRADLEY REYNOLDS 
University of Missouri 


INTRODUCTION 


In a recently published paper (6) 
we examined an hypothesis which we 
called the R (response) hypothesis. 
This hypothesis states that a positive 
relationship exists between the rate of 
growth of the strength of a habit and 
the amount of reinforcement when the 
learned response is a replication of the 
consummatory response to the rein- 
forcing stimulus. The R hypothesis 
is a restricted form of the more general 
S (stimulus) hypothesis which states 
that the rate of learning is a positive 
function of the amount of reinforce- 
ment whatever the relationship be- 
tween the response learned and the 


consummatory response to the rein- 
forcing agent (I, p. 127). 
The R hypothesis was tested experi- 


mentally (6). Two groups of albino 
rats were trained on a black-white dis- 
crimination. ‘Two levels of food rein- 
forcement were used. No difference 
was observed between groups in mean 
number of trials required to reach a 
criterion of learning. There was a 
difference in speed of reaction. This 
combination of results is consistent 
with implications drawn from the R 
hypothesis. In the present study the 
relationship between amount of rein- 
forcement and resistance to extinction 
of a non-replicate response has been 
investigated. 

' The study reported in this paper was carried 
out during the writer’s tenure as research pro- 
fessor in the Graduate School of the University 
of Missouri. The research was supported in 


part by a grant from the University Research 
Council of the University of Missouri. The 


writer is now at the Human Resources Research - 


Center, Lackland AFB, Texas. 


The relationship between amount of 
teinforcement and resistance to ex- 
rinction is determined, in part at least, 
by the method employed in measuring 
resistance to extinction. Resistance 
to extinction is a derived magnitude 
based upon fundamental physical 
measurement of primary physical 
magnitudes. The fundamental meas- 
ures are amplitude and latency. 
Frequency of response is simply an 
enumeration of responses with respect 
to classifications based on amplitude 
and latency. As such, it is a qualita- 
tive rather than a quantitative meas- 
ure. 

Resistance to extinction is measured 
in two ways. Amplitude or latency, 
or both, are measured at each trial 
during the extinction series. A fre- 
quency measure may be based upon 
such determinations of latency or am- 
plitude. One form of this second 
method involves counting the number 
of trials required to reach a given level 
of response amplitude or latency. 

We may now consider implications 
to be drawn from the R hypothesis 
with respect to resistance to extinc- 
tion. We will treat first the case where 
the learned response is a replication 
of the consummatory response. We 
will need first, to make explicit an 
assumption implicit in the formulation 
of the hypothesis. It will be assumed 
that the slope of the curve of extinc- 
tion is a positive function of the 
strength of the response. Further, 
all response measures decrease to- 
wards a common limit (zero). If two 
e sponses of different amplitude are 
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subjected to extinction, the greater 
amplitude response will show the more 
rapid rate of decay. 

The assumption needs to be quali- 
fied in the light of c@rtain practical 
considerations. We will not observe 
a regular decrease of response strength 
towards a determinable zero. Some 
terminal responses will not be re- 
corded. When the proportion of 
these to total number of responses is 
small, it is of little consequence. 
When the amplitude, say, of the re- 
sponse at the beginning of extinction 
is very small, the proportion of non- 
measured extinction responses is 
larger. If a response is of very low 
amplitude, it may be expected to ex- 
tinguish more rapidly, in terms of 
trials to extinction to a criterion, than 
a response of great initial amplitude. 

The implications we have been ex- 
amining concern only responses which 
are replications of the consummatory 
response to the goal stimulus. For 


non-replicate responses, the implica- 


tion is clear. No relationship will 
exist between resistance to extinction 
and the amount of reinforcement. 
We are enabled, thus, to deduce from 
the R hypothesis that, with the ex- 
ceptions noted, resistance to extinction 
of any response will be unrelated to 
amount of reinforcement, wherever 
resistance to extinction is measured in 
terms of trials required for more or 
less complete extinction. 


Passey (4) has studied the relationship 
between the intensity of the UCS and 
the rate of acquisition and extinction of 
the CR. The UCS was an airpuff, the 
UCR the eyelid reflex, the CR the antici- 
patory lid closure. The CR is a replica- 
tion of the UCR. We will consider ac- 
quisition and extinction data from this 
study. 

According to the R hypothesis, manip- 
ulation of the intensity of the airpuff will 
have two results, with respect to ampli- 
tude of the CR. Increased intensity of 
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the UCS will be associated with in- 
creased amplitude of the CR. The slope 
of the acquisition curves will be constant 
for all intensities of the UCS. With alow 
intensity UCS we have acquisition of a 
low. amplitude response. With a high 
intensity UCS we have acquisition of a 
high amplitude response. This differ- 
entiation will not continue through the 
extinction series. 

In the Passey study greater intensity 
of UCS is associated with greater ampli- 
tude of the CR. The slope of the ac- 
quisition curve docs not change with in- 
creased intensity of the UCS. The 
amplitude of the extinction response is a 
positive function of the intensity of the 
UCS during the first to fifth extinction 
trial interval. At the sixth to tenth trial 
interval the relationship no longer holds. 
The amplitude for the response condi- 
tioned with the highest intensity of the 
UCS is less than that for responses con- 
ditioned with middle intensities of the 
UCS. 

Frequency data from the Passey study 
are consistent with the R hypothesis. 
For the three higher intensities there is 
little difference between acquisition 
curves. Percent of CR’s for 50 training 
trials for the three higher intensity 
groups do not differ greatly between 
groups (72, 76, and 85 in ascending order 
according to intensity of UCS). Such 
differences as exist are not significant. 
The acquisition curve for the highest in- 
tensity group covers those for the middle 
intensities. It seems unlikely that this 
is to be explained on the basis of sam- 
pling error. The three higher intensity 
group curves all cover the curve for the 
lowest intensity group. It seems un- 
likely that this represents a chance oc- 
currence.” 


*Passey reports the difference between the 
mean frequency of response during training for 
the highest and lowest intensity groups signifi- 
cant beyond the one percent level of confidence. 
The statistical test employed apparently is 
based upon the error variance from a two com- 
ponent analysis of variance, with df = k(n — 1). 
This would seem to be an inadmissible use of the 
within group variance. The four group vari- 
ances are 301, 216, 120, and 8. Application of a 
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’ Under the R hypothesis the difference 
in frequency of response observed during 
acquisition is to be ascribed to two 
factors. First, with lower intensities of 
the UCS there will be associated in- 
creasing frequency of amplitudes below 
the level which the recording system can 
detect. Second, with lower intensities 
there will result an increasing proportion 
of responses whose latencies are longer 
than the interval between the CS and the 
UCS. Such responses will be obscured 
by the onset of the UCR. These factors 
combine in creating variability within 
and between subjects’ responses. Such 
variability will center around mean 
amplitude and latency. As the mean 
amplitude moves in a negative direction 
with respect to the value dividing the 
response and no-response categories, an 
increasing number of amplitudes will 
fall below the dividing value. The same 
will be true for latencies with respect to 
the limiting value set by the interval be- 
tween the CS and the UCS. 

In the Passey study the variances for 
the intensity groups taken in ascending 
order of intensity are 301, 216, 120, and 


8. The range for the lowest intensity 
groups is o-44 with two cases at each 


terminal value (N = 10). For the high- 
est intensity group the range is 37-46. 

If responses are excluded from the re- 
corded category in the manner suggested 
this should be reflected in measures of 
skew. The incidence of unusually low 
values for frequency of response should 
produce a negative skew in the overall 
distribution. When the formula [Q:+ 
Q; — 2(Median) ]/Q is used to estimate 
skew a value of —3.56 is obtained. 

Turning to the extinction data in 
terms of frequency we note that at the 
first to fifth trial intervals the frequency 
for the highest intensity group has fallen 
below that for the next highest intensity 
group. At the sixth to tenth trial 
interval identical frequencies are ob- 
served for the highest and lowest intens- 
ity groups. 


chi-square test for homogeneity of variance to 
these variances reveals that the variances differ 
significantly, since chi-square = 253. For three 
df, a chi-square of 21 gives P = .ooot. 


Results from an experiment by Law- 
rence and Miller (2) are consistent with 
the R hypothesis. Albino rats were con- 
ditioned to make a locomotive response 
to the raising of a door in the starting box 
of a straight runway. Four groups of 
animals were trained. Two frequencies 
of training trials and two levels of rein- 
forcement were used. Each group re- 
ceived 16 or 8 training trials. Each 
group was reinforced with one or with 
four 40 mgm. food pellets. Following 
training, animals were extinguished to a 
criterion of two successive five minute 
latency trials. Trials required to reach 
this criterion and trials to the first three- 
min. latency response are reported. 

According to the R hypothesis, with 
differences in the amount of reinforce- 
ment, extinction curves for amplitude 
and latency will differ in slope but not in 
limit. It has been shown that number of 
extinction trials to a criterion based on 
latency and amplitude is a positive func- 
tion of the number of reinforcements 
(5,7). When this empirical relationship 
is combined with the relationships stated 
within the R hypothesis, some interesting 
implications can be shown to follow. 
Those pertinent to the Lawrence and 
Miller study follow below. 

During earlier extinction trials, for 
any given trial, there will be a difference 
between latencies for groups trained 
with different levels of reinforcement. 
These differences will become smaller as 
the limit for latency is approached. 
Using as a criterion of extinction any 
value of latency less than the limiting 
value, there will be a difference in num- 
ber of trials required to reach this cri- 
terion latency, depending, again, upon 
the amount of reinforcement present 
during training. This difference will 
become less as the criterion latency ap- 
proaches the limiting latency. Since 
number of trials to an extinction criterion 
established upon latencies increases with 
increases in the number of reinforce- 
ments, then the limiting value for latency 
will be attained with an increasing num- 
ber of extinction trials for increasing 
number of reinforcements. Further, the 
difference between the number of trials 
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to reach a latency criterion less than the 
limiting latency for groups trained with 
different amounts of reinforcement will 
increase as the number of reinforcements 
increases. 

In the Lawrence and Miller experi- 
ment the 8-trial—1-pellet group required 
10.2 trials to reach the three-min. cri- 
terion and 13.3 trials to reach the five- 
min. criteria. Corresponding data for 
the 8-trial—4-pellet group were 10.7 and 
13.0. The 16-trial—1-pellet group re- 
quired 14.2 trials to reach the three-min. 
and 22.3 trials to reach the five-min. 
criteria. Corresponding data for the 
16-trial—4-pellet group are 25.2 and 
27.7. There is no difference between the 
8-trial groups. For the three-min. la- 
tency criterion there is a difference of 
25.2 — 14.2 = 11 between the 16 trial 
groups. For the five-min. criteria this 
difference decreases to 27.7 — 22.3 = 
5.4: 
Both the experiments discussed above 
involved conditioned responses of the 
type we have termed replications. In 
the study to be reported here, resistance 
to extinction of a non-replicate response 
as related to amount of reinforcement 
has been studied. 


PuRPOSE 


In the present experiment an at- 
tempt has been made to find an answer 
to the following question. Where 
albino rats have been trained to make 
a bar pressing response with varying 
amounts of reinforcement and a con- 
stant number of reinforcements, will 
any relationship be found to exist 
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between the number of trials required 
to reach a latency determined criterion 
of extinction and the amount of rein- 
forcement employed during training? 


PROCEDURE 


Apparatus.—The apparatus has been de- 
scribed elsewhere (3). Pressure on a bar is 
reinforced by delivery of food into a chute. In 
the present use of the apparatus, pellets were 
dropped into the delivery chute by hand. 

Training.—Animals were riven 25 reinforced 
trials. Training was carried ovt 24 hours fol- 
lowing the feeding of the normal, daily ration of 
12 gm. of Purina chow. One group was rein- 
forced with a single 60-mgm. pellet of food. A 
secon i group received two 6o-mgm. pellets fol- 
lowing cach bar depression. A third group was 
reinforced on each trial with a single 160-mgm. 
pellet. Following training all animals were fed 
an amount which when added to the amount 
used as reinforcement equalled 12-gm. Twenty- 
four uours later the animals were extinguished to 
a 'atency eriterion of five min. 

Subjects. —Twenty-four male albino rats from 
the stock of the animal laboratory of the psy- 
chology department of the University of Missouri 
were used. Ages ranged from 140 to 180 days. 
The animals had been trained previously on a 
black-white discrimination problem. 


REsuLts 


Means for trials to extinction, 
training time, and extinction time for 
all groups are given in Table I. None 
of the differences between means is 
significant. 

The analysis of covariance tech- 
nique, for which the experiment was 
designed, was not applied to the data. 
The r for the correlation between 


TABLE I 


Means AND VARIANCES FoR Tuxee Retnrorcement Grovrs ror TRIALS To 
Extinction, Triwz Requirep ror TRAINING, AND FoR Extinction 
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learning scores on the previously 
trained discrimination habit and trials 
to extinction is .36. Most of the 
covariance, however, is contributed 
by two animals in the 60-mgm. pellet 
group. These animals were slow 
learners in the black-white discrimina- 
tion problem and slow extinguishers 
in the present study. It seemed ad- 
visable to disregard the correlation in 
analysing the data. The‘? for the cor- 
relation coefficient is 1.81. For 22 
df this is significant above the 10 and 
below the 5 percent levels of confi- 
dence. 

Application of a chi-square test for 
homogeneity to the group variances 
gives a chi-square of 6.7. This is 
significant above the five and below 
the two percent levels of confidence. 
This fact taken together with the 
nature of the correlation between dis- 
crimination learning scores and ex- 
tinction scores would seem to preclude 
the use of the analysis of covariance 
in establishing the significance of dif- 
ferences between the group means. 
The group variance which is appar- 
ently differing significantly from the 
other two is that for the two 60-mgm. 
pellet group. The F ratio based on 
the variances for the one 60-mgm. 
pellet group and the two 60-mgm. 
pellet group is 263.99/41.14 = 6.42. 
The F based on the variances for the 
two 60-mgm. pellet group and the one 
160 mgm. group is 188.69/41.14 = 
4-59. These are significant beyond 
the five and below the one percent 
levels of confidence. 

A correlation was found to exist 
between training time and trials to 
extinction. The value for r is —.37. 
The ¢ is 1.87. This is significant 
above the 10 and below the 5 percent 
levels of confidence. Since the dif- 
ference between the means for the 
60-mgm. and 160-mgm. pellet groups 


is not significant, it is unlikely that 
an analysis of covariance would reveal 
any significant difference between 
these groups. The mean number of 
extinction trials for the 60mgm. 
group is greater than that for the 160- 
mgm. group. Since the 60-mgm. 
pellet group received a smaller amount 
of food during training, the time spent 
in training should be less than for the 
160-mgm. group which received a 
greater amount of food. Training 
time is obviously a function of eating 
time. Some degree of correlation is 
to be expected. Training time is also 
related to amount of reinforcement 
and this latter is the variable being 
manipulated in the experiment. The 
anaiysis of covariance, however, 
should reveal whether the within 
groups’ regression is significant. It is 
not. The F for the reduction in error 
due to regression over the residual 
within groups error is 2.44. For 1 
and 13 df an F of 4.67 is significant 
at the five percent level of confidence. 
The r is —.46, and ¢ is 1.94. This ¢ 
is significant above the 10 and below 
the 5 percent levels of confidence. 


Discussion 


The results described above are 
consistent with implications of the R 
hypothesis. There is no indication 
in the data that resistance to extinc- 
tion is a positive function of the 
amount of reinforcement. Such dif- 
ferences between groups as exist are 
in the direction of greater resistance 
to extinction with decreasing amounts 
of reinforcement. 

The presence of a negative rela- 
tionship between reinforcement and 
resistance to extinction suggests the 
possibility of a positive relationship 
between inhibition and reinforcement. 
It should prove worthwhile to design 
an experiment expressly to investigate 
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the possibility of the existence of such 
a relationship. It is quite possible 
that such a relationship may obscure 
indications of a positive relationship 
between amount of reinforcement and 
resistance to extinction, under certain 
conditions of training. The differ- 
ences between groups in the present 
experiment are not significant of a 
real difference. The within groups 
regression of extinction scores on 
training time is not significant. The 
absence of any real difference between 
groups is consistent with results ob- 
served in other studies (2,4). The 
finding of no real difference between 
groups is a result consistent with the 
implications drawn from a hypothesis 
which has been positively verified in 
another experimental situation (6). 
When these facts are evaluated to- 
gether it seems that, for the present 
at least, the most likely hypothesis is 
that which states that no real differ- 
ences exist between the populations 
sampled for the present study. 

The demonstrated relationship be- 
tween variability and the distribution 
of the food reinforcement merits some 
discussion. ‘Three amounts of rein- 
forcement have been used in this in- 
vestigation—60 mgm., 120 mgm., 
and 160 mgm. The 120 mgm. were 
in the form of two pellets. After 
each bar-depression the animal was re- 
quired to remove from the delivery 
chute and eat, successively, two pel- 
lets. The total amount of food was 
less, however, than that for the 160- 
mgm. pellet group. This feature in 
the design permitted a maintenance 
of differentiation of the amount of 
food dimension and at the same time 
allowed manipulation of the pattern 
of consummatory activity. Wolfe 
and Kaplon (8) have shown that 
chicks learn more rapidly when re- 
warded with a grain of popcorn cut 


into fours than when rewarded with 
a whole, single grain. Wolfe and 
Kaplon maintain that this result 
demonstrates the relevance of the 
consummatory response. 

In the present instance manipula- 
tion of the pattern of consummatory 
activity has been associated with a 
significant decrease in variability. 
It is interesting to note that one of 
the most significant features of Pas- 
sey’s results was that increased in- 
tensity of the UCS had the same 
effect. 


SUMMARY 


1. Twenty-four male albino rats 
were distributed at random into three 
groups and given 25 reinforcements 
of a bar-pressing response. 

2. The three groups were differ- 
entiated on the basis of amount of 
reinforcement. One group received 
one 60-mgm. pellet, a second group 
two 60-mgm. pellets, and a third, one 
160-mgm. pellet. 

3. No difference between groups 
was observed in the number of non- 
reinforced trials required to attain 
an extinction criterion based on a 
latency of five minutes. 


(Manuscript received February 3, 1949) 
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RESISTANCE TO EXTINCTION AND THE PATTERN 


OF REINFORCEMENT. 


I. ALTERNATION OF 


REINFORCEMENT AND THE CONDITIONED 
EYELID RESPONSE! 


BY DAVID A. GRANT, ARTHUR J. RIOPELLE, AND HAROLD W. HAKE 
University of Wisconsin 


INTRODUCTION 


The effects of various patterns of 
reinforcement upon the resistance to 
extinction of the conditioned eyelid 
response were studied in the present 
experiment. Four patterns of rein- 
forcement were investigated: (a) sin- 
gle alternation, (b) double alterna- 
tion, (c) random alternation, and (d) 
spaced 100 percent reinforcement. 

Partial or discontinuous reinforce- 
ment has been studied in a number of 
forms (2, 3, 4, 5, 6, 7, 10, 13, 14, 15, 
16, 18, 20, 21). Most of the findings 
agree that partial reinforcement can 
be as effective during acquisition as 
100 percent reinforcement and that 
partial reinforcement often enhances 
resistance to extinction. These ob- 
servations seem to hold both for 
classical and operant conditioning. 
Attempts have been made to account 
for these facts in terms of reflex re- 
serve (21), expectancy (6, 7, 13, 14, 
15, 16, 18), secondary reinforcement 
(5), definition of response (20, pp. 
294-295), and discrimination or sign 
learning (20, pp. 303-305). 

Denny’s (5) interpretation of partial 
reinforcement results in terms of sec- 
ondary reinforcement becomes equiv- 
ocal when applied to classical condi- 
tioning, but the other interpretations 
lead to fairly clear predictions for 


1 This investigation was supported by the 
Graduate Research Committee of the University 
of Wisconsin from special funds voted by the 
State Legislature for 1947-48. The problem 
arose in part from a suggestion by Miss Dorothy 
E. Schneider. 


eyelid conditioning. Interpretations 
of the results of partial reinforcement 
in terms of expectancy, perseverative 
receptor processes, and discrimination 
or sign learning are structurally simi- 
lar almost to the point of isomorphism. 
These hypotheses would predict more 
rapid extinction of responses acquired 
during single or double alternations of 
reinforcement than would be the case 
for responses acquired during random 
reinforcement. With sufficient train- 
ing the responses might be expected to 
follow the single or double alternation 
reinforcement pattern during the ex- 
tinction trials. This presumably 


would be expecially likely with human 


Ss (20, p. 306). 

A straightforward application of 
J. S. Brown’s interpretation in terms 
of the definition of a response would 
lead to a prediction of equally rapid 
extinction for all procedures,* pro- 
vided that. the number of responses 
was properly defined. If complica- 
tions such as a gradient of reinforce- 
ment (12; 20, p. 302) or reactive in- 
hibition (12) are added to Brown’s 
hypothesis univocal predictions de- 
pend upon further detailed elabora- 
tion of the theory. The expectancy 
hypothesis and the perseverative re- 
ceptor discharge interpretation may 
similarly be complicated by introduc- 
ing auxiliary concepts (6, 7). 

The data of this experiment provide 
a further test of the foregoing pre- 
dictions, and indicate what changes 


* Assuming an equal total number of rein- 
forcements. 
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TABLE I 


Tae Exrermentat Procepures 





Single Alternation 


Double Alternation 


Random Alternation 100% Spaced 





25 trials 26 trials 
light and puff 
25 trials 
light alone 
21 trials as on 
Day 1 
© trials 
ight alone 


Day 1 
Acquisition 
light alone 

Day 2 
Acquisition 

ay 2 
Extinction 


Day 1 
O trials 
ight alone 








light and puff 
24 trials 


22 trials as on 


26 trials (spaced) 
light and puff 


fight and ff 
ight and pu 
trials 


24 

light alone 

21 trials as on 
Day 1 

O trials 

ight alone 


11 trials as on 
Day 1 

© trials 

ight alone 











may have to be made in the existing 
formulations. 


APPARATUS AND PROCEDURE 


1. Apparatus.—The apparatus and general 
procedure have been described elsewhere (8, 9). 
The conditioned stimulus (CS) consisted of a rise 
in brightness of a 10-cm. circular milkglass win- 
dow from 14 to 345 millilamberts. The stimu- 
lus window was 60 cm. directly in front of the S 
and was fixated binocularly. The unconditioned 
stimulus (UCS) was a puff of air delivered to the 
right cornea. The CS lasted .75 sec. and the 
UCS, when given, followed the onset of the CS 
by .45 sec. A 30-cm. square white diffusing 
surface surrounded the stimulus window. This 
surface was maintained at a brightness which 
varied spatially from 14 to 25 millilamberts in 
order to prevent dark adaptation of the S, 

2. General procedure.—The experimental pro- 
cedure required two sessions of about one hour 
each which took place on consecutive days. 
Each day the S was adjusted to the apparatus 
and looked at the stimulus window for two min. 
while it was illuminated to a brightness of 3760 
millilamberts. During this time standard in- 
structions were read to him which enjoined him 
to“. . . Pay close attention to the stimuli,” and 
to“. . . Behave naturally and let your reactions 
take care of themselves.” After the two-min. 
light adaptation procedure was completed, there 
followed a one-min. period during which the S 
was allowed to adapt to the lower level of illu- 
mination on the stimulus window, and the experi- 
mental procedure then followed. 

3. Experimental procedure—-The procedures 
used with the four experimental groups are sum- 
marized in Table I. The single (SA) and double 
alternation (DA) procedures are self-explana- 
tory. The random alternation (R) procedure 
consisted of random alternation of reinforcement 
with the restriction that no more than three con- 
secutive reinforced or unreinforced trials were 


permitted. The 100 percent spaced (100) pro- 
cedure involved presenting reinforced trials only 
to the subject, but spacing these so that the times 
at which they were given corresponded to the 
timing of the reinforced trials in the random al- 
ternation procedure. The ‘reinforcement’ pro- 
cedures were given on Day 1 and the first part of 
Day 2 of the experiment. It will be noted that 
the total number of reinforcements is about 
equal for all procedures. The extinction pro- 
cedure, which was given on Day 2, was the same 
for all groups. It consisted simply of 30 con- 
secutive trials with the light alone. In this, as 
in all procedures except the 100 percent spaced 
reinforcement, the interval between trials was 
varied randomly from 30 to §0 sec. 

4. Subjects —The Ss were 60 men and wo- 
men students who volunteered from the ele- 
mentary course in psychology. They were as- 
signed in equal numbers to the four experimental 
groups solely on the basis of the order of their 
appearance for the experiment. 


RESULTS 


All eyelid closures with latencies 
from .25 to .45 sec.’ during acquisition 
and .25 to .65 sec. during extinction 
were considered to be CR’s (9g). 
Magnitudes of these responses in mm. 
were averaged (17) for successive five- 
trial blocks‘ during acquisition and 
extinction in order to clarify the 
major trends of the data. 


1. Acquisition—The acquisition 


3 The latency range during reinforcement was 
curtailed by the presence of the reflex to the 
puff. 

‘For the 100 percent spaced procedure the 


trials were grouped alternately in successive 
blocks of two and three trials. 
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MEAN MAGNITUDE 





DAY 2 - ACQUISITION 


OAY 2 . EXTINCTION 
® RANDOM RE 
100 90% SPACED REN 
Sa SLE ALT 
Os BOUBLE ALT 
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\ 
\ 
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SUCCESSIVE 5-TRIAL BLOCKS 


Fic. 1. 


Magnitude of conditioned eyelid responses averaged for successive 


five-trial blocks during acquisition and extinction 


and extinction curves for average 
magnitude are presented in Fig. 1. 
Fig. 1 shows that all groups were es- 
sentially alike for the first five trials. 
After the first five trials the rate of 
acquisition for the random alternation 
group clearly exceeds the others for 
the first day. If there is any other 
difference it lies in the relative in- 
feriority of the double alternation 
group. On the secorid day the ar- 
quisition curves of the random rein- 
forcement and 100 percent spaced 
reinforcement groups come together 
after the first five trials, and the single 


and double alternation curves lie 
considerably below the former pair. 
A notion of the significance of the 
differences among the groups can be 
obtained by analysis of variance of the 
overall average magnitude of re- 
sponses on the last five blocks of Day 
1 and the acquisition trials of Day 2. 
Summaries of these analyses are pre- 
sented in Table II. In this table the 
differences among groups are found 
to be not significant during acquisition 
both on Day 1 and on Day 2. It will 
be noted in Fig. 1, however, that the 
single and double alternation curves 


TABLE II 


Summary or Anatyses or Variance ror Averace Macnirupe or CR’s purine (A) THe 
Last Five Buiocxs or Day 1 anv (B) tue Day 2 Acouistrion Triats 








Source of Variation 


(A) Last Half Day 1 Acquisition 


(B) Day 2 Acquisition 





df Mean Square 


Mean Square 





Between Groups 3 


27.84 


44-44 





SA and DA vs. R and 100 1 


54-15 


123.85 











Within Groups 56 


16.33 


24.09 

















* Significant at the 5% confidence level 
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fall far below the random and 100 per- 
cent curves. This difference is sig- 
nificant at the five percent level as is 
shown in the last column of Table II. 
Thus, a systematic difference between 
groups does appear on the second day 
of reinforcement. 

2. Extinction—The course of ex- 
tinction is shown for all groups in the 
right-hand portion of Fig. 1. All 
curves show a sharp initial drop. The 
curve for the randomly reinforced 
group then continues to drop, but the 
other curves, with some irregularity, 
show an upward trend which reverses 
the usual extinction pattern. Two 
features of these curves seem to stand 
out. One is the high initial magni- 
tude of response in the random and the 
100 percent spaced reinforcement 
groups. This leads to a higher mean 
level of response during extinction for 
these groups. The second feature is 
the reversal of the extinction trend 
which seems to occur in the single and 
double alternation groups as well as in 
the 100 percent spaced reinforcement 
group. 

Testing the significance of the over- 
all extinction trends presented some 
problems, particularly because of 
skewness and possible absence of 


homogeneity of variance. The Alex- 
ander trend analysis (1) techniques 
seemed adequate, however, because 
of the large number of degrees of 
freedom available for the error esti- 
mate. The analysis of variance gave 
highly significant differences between 
the group means and the group slopes 
during extinction, but the extremely 
large (and significant) mean squares 
for differences between individual 
means and individual slopes revealed 
the possibility that the group differ- 
ences might have arisen because of 
individual variation. This ambigu- 
ity, which is inherent in such tests 
(1, 19), limits possible conclusions as 
to overall group differences during 
extinction. 

A separate test was made of the sig- 
nificance of the rise in the extinction 
trends in the SA, DA, and 100 groups 
following the first five-trial extinction 
block. This test showed a highly 
significant upward slope. The sum- 
mary of the trend analysis is given in 
Table III. The significant F for 
overall slope means that the reversal 
of the extinction trend was statistic- 
ally significant. 

3. Reinforced os. unreinforced trials. 


_—The expectancy, perseverating re- 


TABLE III 


Anatysis or Variance oF Extinction Trenp Arrer tHe First Five-Triat 
Extinction Biocx ror SA, DA, anv 100% Reinrorncement Groups 











Source of Variation 


df Mean Square 





Individual Deviations from Estimation 
(Error) 

Between Individual Slopes 

Between Individual Means 

Group Deviations from Estimation 

Between Group Slopes 

Between Group Means 

Overall Deviations from Linearity 

Overall Slope 


126 0.056 _ 
14.791 263.19°** 
76.560 1362.28°** 
3.500 62.28°** 
0.023 — 
28.731 gut.eg°"° 
0.324 5.77°* 
401.76°** 





Total 





22.579 











** Significant at the 1% confidence level 
*** Significant at the 0.1% confidence level 
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TABLE IV 


Averace Macniruve or CRs ow Remrorcep anp Unrernrorcep 
Triats Gaovurep my Five-Triat Briocks * 





Day 1 Acquisition Day 2 Acquis. 





2 ry a 
1.60 2.64 


1.51 





Rein. 2.85 


Unrein. 0.79 1.87 
2.64 


2.23 


3.24 1.65 
3-31 


2.65 





Rein. 1.15 


0.81 


at 
DA 


Unrein. 0.63 1.85 | 0.79 


2.04 
1.97 


1.29 
0.67 





Rein. 1.28 3.87 


475 


3-99 
3-68 


5-53 
6.67 


5.01 | 4.28 


Random 

















Unrein. 1.28 7.01 | §.23 1.03 




















* Because of the various trial sequences used some of the blocks are not precisely five trials. The 
extinction trials of the randomly reinforced procedure were grouped into odd- and even-numbered 
trials. 


ceptor process, and discrimination 


reinforced and unreinforced trials 


theories might lead one to expect that 
the S would respond more vigorously 
on the reinforced than on the unrein- 
forced trials in the alternation se- 


quences and that the alternation 
tendency might be preserved to some 
extent during the extinction process. 
Such a tendency seemed to be present 
in some of Cole’s (4) data. When the 





oav 2 ExTmcTION 


MEAN MAGNITUOE 
~ 











Oo; 2.08 $:6:6 4.2.6.6 @ 
TRIALS 


“eon 6 


Fic. 2. Average magnitude of conditioned 
responses plotted for successive single trials dur- 
ing the first half of the extinction procedure. 
Group 1, single alternation; Group 2, double 
alternation; Group 3, 100% reinforcement; 
Group 4, random reinforcement. 


were analyzed separately the results 
were essentially negative as is shown 
in TableIV. The differences between 
reinforced and unreinforced trials 
were negligible, and the #’s were not 
significant. (The highest ¢ was only 
1.727.) Plotting individual trials at 
the earliest stages of the extinction 
process was equally unrewarding. 
The average magnitude on individual 
extinction trials is plotted in Fig. 2 for 
all groups. Although almost all of 
the Ss were able to verbalize acurately 
about the single alternation pattern of 
reinforcement, and a good share could 
report the double alternation, Fig. 2 
shows that this verbalized discrimina- 
tion either had no effect upon the 
eyelid responses during acquisition 
and extinction or the effect was 
hidden by other processes. 


Discussion 


Three principal findings of this 
investigation were as follows: (a) 
During acquisition the random and 
100 percent spaced reinforcement 
procedures result in greater magnitude 
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of the CR than is the case with either 
the single or double alternation pro- 
cedures. This difference is particu- 
larly noticeable on the second day of 
reinforcement. (b) The course of ex- 
tinction was ‘normal’*® only in the 
random reinforcement group. The 
usual extinction trend was reversed in 
the other three groups. (c) There 
was little evidence for alternation 
tendencies in the eyelid responses of 
the Ss either during acquisition or 
during extinction. The absence of 
alternation of responses is expecially 
meaningful in view of the adequate 
verbal discrimination of the rein- 
forcement procedures reported by the 
Ss. 

The above results are inconsistent 
with predictions which may be made 
using the expectancy—perseverating 
receptor discharge—sign learning 
hypotheses, or the Skinner or 
Brown  response-unit hypothesis. 
The former have difficulty with the 
low magnitude of CR’s in the SA and 
DA groups during acquisition and 
with the low magnitude at the start of 
extinction and the reversal of the ex- 
tinction trend in these groups. The 
Skinner-Brown hypothesis has dif- 
ficulty with the relatively low magni- 
tude of CR’s in the 100 percent 
spaced group at all stages of extinc- 
tion. Stated in another way, the 
random reinforcement group shows 
too high a response at the outset of 
extinction and the SA and DA groups 
show too high a response at the close 
of extinction. The Skinner-Brown 
hypothesis is better stated in terms of 


* This ‘normal’ extinction does not conform 
very well with Humphreys’ results (13). It is 
true that the average magnitude of CR’s was 
greatest in the random alternation but the 
sharp extinction drop was unexpected and is un- 
explained. Currently attempts are being made 
to find experimentally the basis for this and other 
minor differences between the present findings 
and those of Humphreys. 


frequency of response, but such an 
analysis yields essentially the same 
conclusion as magnitude.® 

The low magnitude of the SA and DA 
groups, their extinction reversals, and 
possibly their decreases in magnitude 
during acquisition seem to be related 
and seem particularly to require addi- 
ditional interpretation. The  ex- 
periment itself offered few clues so 
that any interpretation has to be spec- 
ulative. What will be done, however, 
is to outline salient features of the 
data which should be explained by an 
adequate theory. 

The overnight gains from Day 1 to 
Day 2 in all groups indicate some 
simple work decrement or reactive in- 
hibition process (11, 12), such as in- 
hibition of reinforcement, may be 
present. Such a process seems in- 
adequate to account for the extinction 
findings, however, or for the rapid 
deceleration of the random reinforce- 
ment and SA acquisition curve as 
compared with the less rapid decelera- 
tion of the 100 percent spaced rein- 
forcement curve on Day 1. Some 
sort of general inhibitory process as- 
sociated with regularity of reinforce- 
ment would be tempting on the basis 
of the Day 1 data, but the rapid rise 
of the 100 percent group acquisition 
curve on Day 2 does not conform with 
such a notion. It would therefore 
appear that if an inhibitory process 
is present it must have additional 
characteristics somewhat different 
than the types of inhibition proposed. 


*A point might be raised to the effect that 
some of these interpretations should be re- 
stricted to rat learning or to operant behavior, 
and that prediction of human eyelid conditioning 
requires a different set of hypotheses. Justifica- 
tion for such arguments is beyond the scope of 
this paper. It should be said, however, in favor 
of attempts at broad application of these hy- 
potheses that the eyeblink of the human S and 
the lever pressing of the rat do show similar 
characteristics as far as the Humphreys random 
reinforcement effect is concerned (13, 18). 
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The upward trends in the extinction 
data are sitnilar to those reported by 
Grant and Norris (9) for Ss who re- 
ceived reinforcement trials while they 
were dark adapted. These Ss also 
gave CR’s of low frequency and 
magnitude during acquisition, pre- 
sumably because of the presence of 
sensitized §-responses. The upward 
trend in the present extinction data 
would seem to provide partial con- 
firmation of an idea proposed in the 
earlier paper; namely, that compensa- 
tory rises may occur in the extinction 
curves when there is suppression of 
response during acquisition. The 
earlier data suggested, further, that 
the suppression need not be inhibitory. 


SuMMARY 


The effects of single alternation 
(SA), double alternation (DA), ran- 
dom reinforcement (R), and 100 per- 
cent spaced reinforcement (700) upon 
the acquisition and extinction of the 
eyelid CR were studied in 60 human 
S. Each S received 25 or 26 rein- 
forced trials on Day 1 and 11 or 12 
reinforced trials on Day 2. Addi- 
tional, unreinforced trials in regular 
sequence were given the SA and DA 
groups. A random sequence of rein- 
forced and unreinforced trials was 
used with the R group. All groups 
received 30 extinction trials after the 
reinforced trials of Day 2. The CS 
was light. The UCS was a corneal 
air puff. 

The principal 
follows: 

1. Random reinforcement resulted 
in the greatest magnitude of CR’s 
during Day 1 acquisition. Random 
and 100 percent reinforcement were 
superior to either single or double 
alternation on the second day both 
during acquisition and extinction. 

2. There was a significant reversal 
of the extinction trend in the SA and 


findings were as 


DA groups and perhaps in the 100 
group. The R group had a high level 
of response but extinguished rapidly. 

3. There was little evidence that 
the CR’s followed the single or double 
alternation sequences either during 
acquisition or during extinction de- 
spite the fact that most of the Ss 
could verbally describe the alternation 
of reinforcement which they received. 

The expectancy, perseverative re- 
ceptor discharge, and sign learning 
hypotheses were shown to be inade- 
quate to account for the above findings 
as was also the Skinner-Brown multi- 
ple response hypothesis. 

It was suggested that some sort of 
inhibition over and above simple 
reactive inhibition or inhibition of 
reinforcement was present particularly 
in the alternation groups. The na- 
ture of the inhibitory process could 
not be closely specified. It was also 
pointed out that the upward trend 
during extinction seemed to be char- 
acteristic of CR’s which were sup- 
pressed in frequency and magnitude 
during reinforcement. 


(Manuscript received February 21, 1949) 
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THE EFFECT OF SEQUENCE OF PRESENTATION OF 
SIMILAR ITEMS ON THE LEARNING OF 
PAIRED ASSOCIATES 
BY ROBERT M. GAGNE?! 

Connecticut College 


INTRODUCTION 


A number of recent studies have 
demonstrated the importance of the 
similarity of stimulus items for the 
learning, retention, and transfer of 
paired-associate lists. In general, it 
has been found that the greater the 
degree of similarity between items, 
the slower is the learning and the 
smaller the amount of retention. 
von Restorff (11) accounts for this 
type of result by the use of the con- 
cept of isolation. Items which are 
surrounded by very dissimilar ma- 
terial, i.e., isolated items, are easier to 
learn and to retain than those sur- 
rounded by very similar or ‘homogene- 


ous’ material, presumably because 


they are easier to perceive. On the 
other hand, Gibson (1) conceives of 
this type of learning situation as one 
which involves the establishment of a 
number of discriminative responses to 
items which potentially exhibit some 
degree of stimulus generalization, and 
which become differentiated, as learn- 
ing proceeds, through the mechanism 
of differential reinforcement. Ac- 
cording to this hypothesis, the greater 
the similarity between items in a list, 
the greater will be the tendency for 
them to evoke responses primarily as- 
sociated with other similar items, 
because of the existence of generaliza- 
tion gradients between the members. 
In one of Gibson’s experiments (3) 
it was found that a group of 12 rela- 
tively dissimilar nonsense forms re- 


1Now at USAF Air Training Command, 
Human Resources Research Center, Lackland 
Air Force Base, Texas. 


quired fewer trials for learning and 
showed greater retention after 24 
hours than did groups of 12 highly 
similar forms. 

The experiment reported in the 
present paper does not make a direct 
and unambiguous contribution to the 
solution of this theoretical contro- 
versy. It does, however, test the 
utility of Gibson’s hypothesis under 
a particular set of learning conditions 
to which it might be expected to 
apply. Among the results of the ex- 
periment cited above (3) is the finding 
that while the number of correct re- 
sponses shows a steady increase from 
beginning to end, generalization, as 
measured by number of overt con- 
fusions of similar items, increases at 
first, passes through a maximum, and 
subsequently decreases. It is possible 
to draw the implication that this 
latter process, because it does involve 
the expression of a large number of 
overt errors during the early stages of 
learning, thereby makes possible a 
most effective application of differ- 
ential reinforcement. In other words, 
perhaps this initial ‘confusion’ is itself 
a factor which tends to speed up the 
acquisition of discriminative responses 
by fostering the elimination of overt 
errors. If this view is correct, it may 
be expected that any condition which 
serves to emphasize or to speed up 
this initial increase in generalization 
with a given set of learning material, 
will tend also to bring about more 
rapid acquisition of the correct diff- 
erential responses to the stimuli 
presented. 
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One of the conditions which might 
be supposed to have an effect upon 
the time of occurrence of initial gen- 
eralization is the sequence of presenta- 
tion of paired-associate items. Dif- 
ferent sequences can be arranged to 
give different degrees of emphasis to 
the similarities of the stimulus items 
within a group (i.e., different se- 
quences yield different degrees of 
isolation). The experiment to be 
described is concerned with the effect 
of different orders of presentation of 
items in a single group containing 
both very similar and very dissimilar 
components, on the rate of learning of 
the total group. In a single list of 
this sort, the items may be arranged 
to emphasize what von Restorff 
termed ‘isolation’ by placing the items 
in sequence so that the most similar 
ones are separated maximally by a 
number of non-similar items. On the 
other hand, the items may be ar- 
ranged in such a way as to emphasize 
the similarity of certain members of 
the total group, by having the items 
of the greatest similarity always occur 
close together in sequence. The lat- 
ter sort of arrangement should, Gib- 
son’s analysis implies, cause the 
greatest amount of generalization to 
occur nearer the beginning of the 
learning process than would be the 
case in the isolated arrangement. 
Our hypothesis is that such earlier- 
occurring generalization should lead 
to more rapid learning of the material. 


In general, studies of paired associate 
learning have not concerned themselves 
with effects produced by varying orders 
of presentation. Instead, care has. been 
exercised in most instances to vary the 
order of presentation of items from trial to 
trial in random fashion, in order to dis- 
tinguish such learning from serial learn- 
ing, in which subjects are required to re- 
produce the sequential arrangement of 
items in a learned list. An exception is 
the experiment of McGeoch and Mc- 


Kinney (9), which compared the rate of 
learning of paired nonsense syllables and 
nouns under conditions of unvarying 
order of presentation with the rate of 
learning of the same material when the 
sequence of items was varied from trial to 
trial. The former condition yielded the 
faster learning. However, in contrast 
to this study, the experiment to be re- 
ported herein is not concerned with the 
learning of serial order of items. In 
order to avoid such learning, recall is 
always measured with the items in ran- 
dom order, whereas the presentation or 
‘learning’ trials are conducted with 
orders which emphasize similarity or dis- 
similarity among the items. 

The problem investigated here is one 
which arose in connection with a number 
of verbal-type skills in the armed forces 
during World War II. For example, 
training in aircraft recognition involved 
the learning by students of a name or 
designation for each of a group of more or 
less similar airplane shapes. One of the 
procedures employed in such training 
was that of presenting each new item 
(plane) in conjunction with another item 
of very dissimilar shape. This method 
was one, then, in which the attempt was 
made not to present the most similar 
items together, at least during the same 
instructional period. It bears some re- 
semblance to the condition which von 
Restorff terms ‘isolation’ of items, since 
it was accomplished by accompanying 
each item with a very dissimilar item. 
Although it is readily seen that initial 
confusion is avoided by such a procedure, 
this fact does not enable one to predict 
whether or not the method is an efficient 
one so far as the learning of the total 
group of items is concerned. The practi- 
cal effectiveness of this sequence of pres- 
entation for producing rapid learning 
was compared experimentally with a 
method which involved the presentation 
of two very similar items together during 
the same instructional period (4). Nei- 
ther procedure was found to have an ad- 
vantage in producing more rapid learn- 
ing. It is clear, however, that the two 
sequences employed in this experiment 
did not permit a comparison of the con- 
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dition in which a// the most similar items 
are presented together with a condition 
in which a maximum degree of separation 
or isolation is given to ail the most 
similar items. 

Essentially the same problem arose in 
connection with the training of code 
reception, in which a group of auditory 
characters, varying in similarity to each 
other, was to be learned. Both Spragg 
(12) and Keller (7) raised the question 
of the relative efficiency for learning of 
presenting groups of very similar code 
characters together in sequence, versus 
a procedure involving the presentation 
of closely similar characters with a 
maximum degree of separation. In these 
instances, too, no experimental answer 
was obtained to this question. 


STATEMENT OF PROBLEM 


The present experiment is con- 
cerned with measuring the extent and 
time of occurrence of generalization, 
and the rate of learning of visual 
form-nonsense syllable pairs when 
they are presented under four condi- 
tions which represent different se- 
quential arrangements of these items. 
In one condition, closely similar items 
are always presented together in se- 
quence; in a second condition, the 
most similar items are always pre- 
sented with the maximum degree of 
separation by dissimilar items in 
sequence. In order to distinguish 
the effects of grouping similar items 
from the effects of grouping as such, 
a third condition is employed in which 
sub-groups of non-similar items are 
always presented together in se- 
quence. The fourth condition pro- 
vides a control in which the items are 
presented in varying random order 
from trial to trial. The first condi- 
tion, in which the items are presented 
in a way which emphasizes their 
similarity, might be expected to pro- 
duce the greatest degree of general- 
ization, as measured by errors of con- 


fusion between similar items, at the 
beginning of the learning process. 
On the other hand, if maximum separ- 
ation is given to closely similar items, 
as in Condition 2, generalization 
should tend to be delayed, and to 
reach its highest point somewhat 
later during the course of learning. 
The experiment to be reported is 
designed to test these predictions, as 
well as to discover what, if any, rela- 
tionship exists between the time of 
occurrence of maximum generalization 
and the rate of learning of the total 
material. 


PROCEDURE 


Materials.—A group of 12 nonsense forms was 
constructed, comprising four different sub-groups 
of three closely similar forms., Some of the 
forms employed by Gibson (2) were used to 
make up this group. Gisbon constructed three 
lists of 12 forms each, in which the corresponding 
forms of the first and second list showed a high 
degree of similarity. The forms used in the 
present experiment were selected from these first 
two lists. The third member of each sub-group 
was constructed to be very similar to, though 
not indistinguishable from, the other two. No 
attempt was made to measure independently 
the degree of generalization among the three 
forms of each sub-group. Gibson’s results, 
however, make it reasonable to assume that a 
high degree of generalization existed among 
them. Each form was paired with a three- 
letter nonsense syllable from the list compiled by 
Hull (5). Syllables having the lowest degrees 
of association value were used. The form- 
syllable pairs are shown in Fig. 1. 

The list of 12 members was exposed in four 
different sequences. Allowing the letters A, 
Ai, As, B, Bi, Bs, etc., to stand for the four sub- 
groups of three-membered similar items, these 


ic) 2 
too O& 
icy 


(a) rEP 


(02) & 


Fic. 1. The 12 nonsense forms and the 
syllables to be associated with them 
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conditions were as follows: Condition 1: The 
most similar items were always presented to- 
gether in sequence. On the first trial the order 
of presentation was A, A,, As, B, Bi, Ba, Cc, Cc, 
Cs, D, Dy, Ds. On subsequent trials the order 
was rearranged in such a way as always to keep 
the three closely similar items in each sub-group 
together. For example, on the second trial the 
items were presented in this sequence: B, Bs, Bi, 
Di, D, D,, Ci, Cs, Cc, As, A, At. Condition 2: 
In this condition the items were arranged so 
that the most similar forms would have a maxi- 
mum degree of separation in sequence. The 
first trial of this condition was as follows: A, B, 
C, D, Ai, Bi, Ci, Di, As, Ba, C2, Dz. On sub- 
sequent trials the order was changed, but each 
similar form was separated by three dissimilar 
forms in sequence. The second trial, for ex- 
ample, was given in this order: C;, B, Ds, A, 
Cy B,, D, Ay, Cc, B:, D,, As Condition 3 This 
condition was used in order to determine the 
effect of presenting the items in groups of three, 
as was done in Condition 1, without, however, 
having these groups contain closely similar items. 
Four arbitrary groups of three dissimilar items 
each were. consequently arranged. The three 
items of each group were always presented to- 
gether in sequence. ‘The first trial of this condi- 
tion was presented in the following order: Ci, 
B, Dy, A, Cs, Bi, D, Ai, C, Bs, Di, Ax. In sub- 
sequent trials the three members of each 
(arbitrary) sub-group were rearranged, and the 
order of the sub-groups themselves was changed. 
As in Condition 1, however, the three members 
of each arbitrary sub-group were always pre- 
sented together in sequence. For example, the 
second trial in this condition was presented in 
the following order: A, B;, Cs, D:, Bs, Az, Ai, 
C, D, Da, Ci, B. Condition 4: In this condition 
the forms were always presented in random 
order. The order for each presentation trial 
was the same for each subject. These orders 
were determined before the experiment began 
by the use of a table of random numbers. 

The lists were made up in accordance with 
the principles described above by pasting the 
mimeographed form-syllable pairs onto a sheet 
of paper cut to the proper size for the memory 
drum. On each trial, the forms were presented 
in the same order for each subject who served 
under a particular condition. A recall trial, in 
which the forms were exposed without the ac- 
companying syllables, was conducted after each 
presentation trial in all of the cqnditions. The 
stimuli were always presented in random order 
during recall trials. The particular random 
order used on each recall trial was the same for 
all subjects under all conditions. The forms and 


their associated nonsense syllables were pre- 
sented to the subjects on a memory drum which 
brought each stimulus member into view at the 
rate of one every two sec. 

Subjects.—The subjects used in the experi- 
ment were undergraduate women college stu- 
dents who had volunteered for the task. They 
had studied psychology in at least one course, 
but were unaware of the purpose of the experi- 
ment, except for the knowledge that learning was 
being measured. Fifteen matched subjects 
were obtained for each condition of the experi- 
ment. The subjects in these four groups were 
matched on the basis of a learning score, number 
of syllables correctly recalled on the fourth re- 
call trial of a practice list of form-syllable mem- 
bers which was learned before the experiment 
proper was begun. This practice list was made 
up of 12 nonsense forms which were very dis- 
similar to those used in the experiment itself. 

Experimental Procedure.—During each session 
the subject observed the forms and syllables 
exposed through the window of a memory drum 
which rested on a table, in front of which he was 
seated. He began by learning the practice list, 
exposed to him in four presentation trials, each 
one of which was followed immediately by a re- 
call trial. The orders of items on both presenta- 
tion and recall trials were the same for each sub- 
ject, but varied from trial to trial in accordance 
with a predetermined random order. The sub- 
jects’ responses on each recall trial were recorded 
by the experimenter. The number correct on 
the fourth recall trial was used as a measure of 
the amount of learning which had taken place. 
The following instructions were given to the 
subject at the beginning of the ‘practice’ learn- 
ing: 


You will be shown a group of forms, each 
one paired with a nonsense syllable. Study 
these pairs so that when the form is shown 
alone, you can say the appropriate syllable. 
You will be shown only one pair at a time. 
Do not try to learn these pairs in any particu- 
lar order, because the order will be changed 
every time. The point is to associate a par- 
ticular syllable with the form with which it 
always appears. After every presentation of 
the forms paired with the syllables, you will 
be shown the forms by themselves in order to 
see whether you remember the appropriate 
syllable or not. If you do remember the 
syllable, tell me and I shall write it down. 


After a five-min. rest period the main experi- 
ment was begun. The following instructions 
were given: 
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Now you will be shown another group of 
forms each one paired with a nonsense syllable. 
Proceed just as you did before. Do not try 
to learn the pairs in order because the order 
will be changed every time. This time we 
will continue the learning for a greater number 
of trials. 


Each subject was given 14 learning trials. 
Three subjects out of the total number achieved 
a perfect recall trial on the fourteenth trial. 


RESULTS 


Learning in terms of syllables correct. 
—The average number of syllables 
correct on each of the 14 trials, to- 
gether with the standard deviation of 
each value, is givenin TableI. These 
values are plotted as learning curves 
for the four groups in Fig. 2. 

It may be seen that learning fol- 
lows esentially the same course in 
each group for at least 10 trials. 
Actually, no significant differences in 
number of syllables correct appear 
between the scores of any of the 
groups on the first 11 trials. Begin- 


ning on the 11th trial, the learning of 


Group 1 begins to exhibit a rate which 
is faster than that of any of the other 
groups. This advantage occurs in a 
group which learned the 12 form- 
syllable pairs under conditions in 
which the three highly similar items of 
each sub-group were always presented 
together. On the other hand, Group 
2, which learned the material pre- 
sented in such a way that each similar 
item was given the maximum degree of 
separation, exhibits a curve which is 
essentially the same as that of a con- 
trol group (Group 4) in which random 
orders of presentation were used. 
The differences which appear in favor 
of Group 1 on the last two or three 
trials cannot be attributed to the 
grouping of syllables (independently 
of their similarities), since Group 3, 
for which grouped presentation of dis- 
similar items was used, exhibits no 
faster learning than the control group. 

In terms of number of syllables, the 
differences themselves are not large, 
though the trend seems fairly clear. 


TABLE I 
Means anv SD’s or Number or Syttastes Correct on Eacu or Fourteen 
Learninc TriAts ror THE Four Groups or THe Exreriment 


Group 1, similar forms presented together; Group 2, similar forms given maximum separation; 
Group 3, sub-groups of dissimilar forras presented together; Group 4, random presentation. N = 15 


for each group. 
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Learning curves for each of the four groups of the experiment, plotted in terms of average 
number of syllables correct on each of fourteen trials. 


Group 1: similar forms presented together; 


Group 2: similar forms given maximum separation; Group 3: sub-groups of dissimilar forms presented 


together; Group 4: random presentation. 


On trial 12, none of the differences be- 
tween mean values for Group 1 and 
the other groups are significant.* 
On trial 13, differences significant at 
the 5 percent level or better appear 
between the mean values of Group 1 
and Groups 2 and 4, and on trial 14, 
between the mean values of Group 1 
and Groups 3 and 4. If the scores for 
Groups 2, 3, and 4 are averaged to- 
gether (since there are no significant 
differences between them), the fol- 
lowing CR’s are found for the differ- 
ences between these means and those 
of Group 1 on trials 13 and 14: 1.69, 
1.97. Differences of this sort in 

* Tests of significance for syllables correct 
involved the use of a formula for the standard 
error of means of groups correlated with a match- 
ing criterion. The correlation coefficients be- 
tween score on trial 4 of the preliminary learning 
task and trial 14 of the experimental task were as 
follows: Group 1, .38; Group 2, .84; Group 3, 
.60; Group 4, .82. 


favor of Group 1 would be expected 
to occur by chance with probabilities 
of 4.6 percent and 2.4 percent, re- 
spectively. The significance of these 
differences on the last two trials of 
learning seems reasonably well estab- 
lished by these data. 


Occurrence of overt errors.—The 
average number of overt errors, with 
standard deviations, on each of 14 
learning trials for the four groups of 
the experiment, is presented in Table 
Il. These values are plotted by 
averaging successive sets of three 
trials (using trials 13 and 14 as the 
final set) in Fig. 3. 

The average overt errors of Group 1 
rise to an early maximum and then 
progressively decline. In contrast, 
the errors of each of the other groups 
show a more gradual increase during 
the early stages of learning, and sub- 
sequently, at least in the case of 
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Groups 2 and 3, a gradual decline. 
But the sharp decline of errors in 
Group 1 following trial 9 is striking 
in comparison with that of the other 
groups. 

From these data, then, it appears 
that the procedure of presenting the 
most similar forms close together in 
sequence has brought about an in- 
crease in generalization during the be- 
ginning stages of learning followed by 
a marked reduction as learning pro- 
ceeds. On the other hand, in those 
groups in which the sequences of pres- 
entation involved separation of highly 
similar items, the amount of general- 
ization appears to increase more 
slowly, and to decrease gradually 
during 14 learning trials. It might be 
expected that the increase in overt 
errors would be slowest of all in the 
condition of Group 2, in which similar 
items were presented with maximal 
isolation, but the data do not support 
this expectation. As a possible ex- 
planation, it may be pointed out that 
the condition of random presentation 


is not too different from that of maxi- 
mal separation, in the sense that prob- 
ability favors the separation of similar 
forms by at least one dissimilar form. 
However, random presentation turns 
out to be considerably different from 
the sequence employed with Group 1, 
since the probability of three forms 
falling together in sequence, even on a 
single trial, is rather slight. In view 
of this, it is perhaps not too surprising 
that the errors of Group 2 do not differ 
markedly from those of Group 4. 
The data of Group 3 for number of 
errors are also close to those of 
Groups 2 and 4. This bears out the 
indication given by the learning 
scores, that the factor of grouping as 
such does not play a significant part 
in determining the results obtained 
with Group I. 

The points of maximum mean er- 
rors which appear in Fig. 3 for Group 
1 on trials 4-6, and for Group 2 on 
trials 7-9 are not significantly different 
from the values in the other groups. 
However, the marked reduction in the 


TABLE II 


Means ano SD’s or Number or Overt Errors on Eacu or 14 Learninc 
TrRIALs For THE Four Groups or THe Experiment 


Group 1, similar forms presented together; Group 2, similar forms given maximum separation; 


Group 3, sub-groups of dissimilar forms presented together; Group 4, random presentation. 


for each group. 


N= 15 
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Average number of overt errors for each of the four experimental groups, on successive 


three-trial stages. The final point represents the average of trials 13 and 14. Group 1: similar forms 
presented together; Group 2: similar forms given maximum separation; Group 3: sub-groups of dis- 
similar forms presented together; Group 4: random presentation. 


errors of Group 1 does have statistical 


significance. On trial 12, the mean 
values for Groups 1 and 2 are sig- 
nificant at less than the five percent 
level. For trials 13 and 14, the values 
for Group 1 differ from those of each 
of the other groups, as indicated by 
t’s ranging from 2.20 to 2.60. The 
probabilities of obtaining such error 
differences in favor of Group 1 by 
chance range up to two percent. 
Thus, these data show a Significant 
reduction in overt errors on the final 
trials of the learning, correlated with 
the increase in learning score (num- 
ber of syllables correct) previously 
described. 

The question of the adequacy of 
the error measure employed needs 
some discussion. Can number of 
overt errors be said to be a measure of 
generalization tendency? Gibson (2) 
employed a somewhat different meas- 
ure, namely, number of overt re- 


sponses indicating confusion with 
highly similar forms. In her study, 
this measure was clearly distinguished 
from that provided by number of 
overt errors indicating confusion with 
dissimilar forms. One of the impli- 
cations of Gibson’s hypothesis is, in 
fact, that a greater number of similar- 
type errors should occur than dis- 
similar-type errors, and this was her 
experimental finding. 

An analysis of type of errors, using 
the data of the present experiment, 
shows one result which is in accord 
with Gibson’s hypothesis. This can 
be seen by comparing the percentages 
of Type A (similar-type) and Type C 
(dissimilar-type) errors for each of 
the four experimental groups, given 
in Table III. In each case the greater 
degree of confusion, and according to 
Gibson’s hypothesis, the greater de- 
gree of generalization, is with the 
highly similar forms. 
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TABLE Ill 
Noumper ano Percent or Turee Tyres or Overt Error in THE 
Fourteen Learninc Trias or Eacu Grovur 
Type A, response associated with a highly similar nonsense form; Type B, response associated with 
none of the forms, but which bore a resemblance to one or more of the actual syllables used; Type C, 


response associated with a dissimilar nonsense form. 











Group 


Type B Error 


Type C Error 
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163 652 
172 484 
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However, the percentage of similar- 
type errors found in the present study 
is considerably less than that which 
Gibson found. The total percentage 
of similar-type errors reported in her 
study is 82 percent. In contrast, our 
data show the greatest proportion of 
errors to occur in the category labelled 
Type B, with percentages ranging 
from 60 percent to 77 percent in the 
different groups. Type B errors were 
dificult to interpret. By far the 
greatest number of them indicated 
confusion between more than one 
item of the list. For example, for 
figure B,, the correct response was 
MAF. Similar form B, had the as- 
sociated response POB. The sub- 
ject said POF. This appears to be a 
case of a similar-type error, until it is 
pointed out that a dissimilar form, D2, 
had the associated response WOF. 
It seemed to the author impossible to 
answer the question as to whether the 
response PO!’ indicated a confusion 
of B,—MAF with B,—POB or with 
D;—WOF. A smaller proportion of 
B-type errors consisted of responses 
in which a letter appeared in a position 
which it had in none of the items of 
the list. For example, one subject 
said POM for POB. Again it is 
conceivable that this response indi- 
cates confusion with MAF (since this 
does contain an ‘M’), a response as- 


sociated with a highly similar form, 
but it is impossible to say with cer- 
tainty. For these reasons, it was 
found impossible to classify Type B 
errors into categories of similar-type 
and dissimilar-type confusions. 

It is difficult to identify the reason 
for the difference between our results 
and those of Gibson with respect to 
this matter of the percentage of overt 
similar-type errors. It may be that 
one should consider the syllables, as 
well as the forms, as one of the possi- 
ble sources of confusion (generaliza- 
tion). As a syllable, POB is un- 
doubtedly more like WOF (a response 
associated with a dissimilar form) 
than it is like MAF (a response as- 
sociated with a similar form). The 
syllables which Gibson used are not 
reported, and our own data are quite 
inadequate to test such a hypothesis. 
At any rate, it must be admitted that 
type of error appears in the present 
study to be a highly insensitive meas- 
ure of the direction of generalization 
tendencies. 

One fact about the errors found in 
the present study is perfectly clear: 
They ail represent confusions of items 
within the list. Nota single clear-cut 
case was encountered in which an 
overt error could be said to be en- 
tirely ‘new,’ or different in the sense 
that it contained as many as two con- 
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sonants which were not in any of the 
twelve syllables of the learning list, 
and only an occasional isolated case of 
an error containing even one such con- 
sonant. Pronounceable consonants 
not included in the syllables of the 
list were G, L, N, R, S, X, and Z. 
(Diphthongs might also be considered 
to fall in this category.) 

On the basis of this evidence, it 
may be said that number of overt 
errors, regardless of type, is a good 
measure of intra-list confusion. To 
phrase this in another way, one may 
define generalization as the tendency 
of a given stimulus to evoke a response 
primarily associated with a second 
stimulus from which the first must be 
differentiated. The degree to which 
such differentiation has up to a given 
time failed to occur is, of course, the 
degree of intra-list confusion, and is 
measured by the number of overt 
errors. This is the sense in which the 
term generalization has been used in 
describing our findings with regard to 
the occurrence of overt errors. Al- 
though Gibson employs a different 
measure, the two are not basically in 
conflict. In the author’s judgment, 
the present results provide additional 
evidence in support of the hypothesis 
Gibson has advanced. 


Discussion 


The data of this experiment indi- 
cate that a method of presentation of 
paired associates which emphasizes 
intra-list similarities by having the 
most similar items appear together in 
sequence results in more rapid learning 
of the total set of material than does a 
method of presentation which em- 
phasizes sequential separation of simi- 
lar items. When the closely similar 
items are grouped together, a high 
degree of confusion, exhibited by the 
occurrence of a large number of overt 
errors, takes place toward the begin- 


ning of learning. This is followed by 
a period of rapid reduction in the 
number of errors as learning contin- 
ues. In contrast, when the highly 
similar items are separated in se- 
quence by dissimilar items, the num- 
ber of overt errors increases more 
slowly, and decreases more slowly 
after reaching a maximum, as learn- 
ing proceeds. 

As a first step in interpreting these 
results, it may be suggested that the 
presentation of items in similar groups 
somehow leads to the making of a 
greater number of overt responses 
during the early stages of learning. 
Many of these responses are wrong, 
though a considerable number are 
correct. (Examination of Figs. 2 and 
3 will show that Group 1 made as 
many correct responses, and many 
more incorrect ones, on trials 1-6 
than did any of the other groups.) 
The fact that they are overt, however, 
means that the differential reinforce- 
ment provided by the subject’s knowl- 
edge that they are right or wrong can 
be most effectively applied. Conse- 
quently, the learning of the required 
discriminations proceeds more rapidly 
than it does in the groups which made 
fewer overt responses. Those who 
like to emphasize the importance of 
active responding for the process of 
learning can find support for their 
views in these results. 

Why does the presentation of simi- 
lar items in groups encourage the 
making of a greater number of overt 
responses, correct and incorrect, than 
does presentation of similar items 
separated in sequence by dissimilar 
ones? The present experiment does 
not present evidence to answer this 
question. One speculation might run 
somewhat as follows: The subject 
first encounters the stimulus form A 
and makes the correct response to it. 
Either next, or at some later time, he 
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sees the similar form A;, which tends 
also, because of the mechanism of 
generalization, to evoke this same re- 
sponse. However, the subject over- 
comes this relatively strong generaliza- 
tion tendency when he gives the cor- 
rect response (which he sees before 
him) for stimulus A;. Thus the 
process of differentiation begins. 
When A, is encountered immediately 
after A rather than at some later time, 
it may be that the immediate neural 
effects of A (i.e., the stimulus trace: 
cf. 10, 6) arouse stronger response 
tendencies than would be the case if 
a longer time were permitted to elapse 
between the appearance of A and the 
appearance of A;. If such were the 
case, one would expect stronger cor- 
rect response tendencies and also 
stronger generalized (incorrect) re- 
sponse tendencies to be engendered 
when A, followed A immediately. 

The author has few illusions con- 
cerning the possibility of testing such 
a conjecture with the method of 
paired associate learning in human 
subjects. It does. however, suggest 
one kind of experimental question 
which might be investigated at this 
level: Are the results of the present 
experiment which favor grouped pres- 
entation of highly similar forms at- 
tributable to differences in separation 
in the sense of intervals of time (cf. 
previous paragraph), or to separation 
in the sense of intervening dissimilar 
items? An experiment conducted to 
answer this question would, of course, 
have to be designed so as to control the 
well-known effects of rate of presenta- 
tion on learning (8). 

It may be quite possible to con- 
ceive of the results of the present ex- 
periment in terms of the concept of 
‘isolation,’ though the author does 
not believe that such an idea has the 
predictive efficiency of the Gibson 
hypotheses. At first glance, it would 


seem that the present data indicate an 
unfavorable effect upon learning of a 
condition stressing isolation (Group 
2) as compared to one in which non- 
isolation or ‘crowding’ (Group 1) is 
present. But it may be that we are 
changing the original meaning of 
isolation, when we try to apply it in 
this way. As von Pestorff used the 
term, it was supposed to account for 
the fact that a single item was learned 
more readily if surrounded by dis- 
similar items than by similar items. 
In the case of the present results, 
though, we are asking whether an 
item (or items) plus all the surround- 
ing items are as a whole learned faster 
in one sequence than in another. The 
item A, might very well be learned 
more rapidly when surrounded by B 
and D,, than when embedded between 
A and Ay. But what about the total 
learning of A,, plus A, plus Ay,? 
When similar forms such as these 
occur together, it is possible to con- 


ceive of the whole group as being 
isolated, since it is surrounded by 


groups which are dissimilar. This 
could account for the ease of dis- 
tinguishing one group from another, 
but by itself it seems not to have a 
clear application to the problem of 
learning to distinguish the forms 
within each group. It may be noted 
that Gibson’s hypotheses predict both 
kinds of discrimination equally well. 

To turn finally to the related prac- 
tical learning problem previously out- 
lined: The results of this experiment 
give a fairly unequivocal answer to the 
question of arrangement of material 
in the learning of such skills as air- 
craft recognition and code reception. 
Presenting the material in groups of 
highly similar items, and giving 
emphasis to the distinctions between 
them, would appear to be a more 
efficient procedure than presenting 
similar items separated by dissimilar 
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ones. The initial confusions of the 
subjects may be much more evident 
with the former procedure, but ac- 
cording to the present results, this is 
an indication of more active learning, 
which will lead more rapidly to pro- 
ficiency in the required skill. 


SUMMARY 


An experiment was conducted to 
determine the effect of sequence of 
presentation on the learning of 12 non- 
sense form-nonsense syllable paired 
associates, containing four dissimilar 
sets of three highly similar forms. 
Four different sequences were em- 
ployed. In the first, the most similar 
forms were always presented together 
in sequence. In a second, each simi- 
lar form was given the maximum 
separation by dissimilar forms. A 
third condition tested the effect of 
‘grouping’ by the presentation of four 
sub-groups of three dissimilar forms, 
the members of each sub-group always 
appearing together in sequence. A 
fourth condition utilized a pre-deter- 
mined random sequence of presenta- 
tion. Four matched groups, each 
containing 15 subjects, learned the 
12 items, one group under each of the 
conditions. Fourteen learning trials 
were given. Measurement was made 
in terms of number of syllables correct 
on each trial, and in terms of number 
and type of overt errors. The results 
may be summarized as follows: 

1. Significant differences on the 
final two trials of learning, in terms of 
number of syllables correct, indicate 
more rapid learning for the group to 
which the items were presented with 
highly similar forms together in se- 
quence. No differences were found 
between the scores of the control group 
and those of the group to which the 
items had been presented with maxi- 
mum separation of similar compo- 


nents. Likewise, no effects of group- 
ing, as such, were discovered. 

2. In the case of overt errors, again 
the only significant difference found 
was in the striking reduction occurring 
on the final three learning trials in the 
group to which similar forms were 
presented together. The overt errors 
of this group appear to rise to an early 
maximum and to decline rapidly. 
When similar items are given separa- 
tion by dissimilar ones, as in the 
other three groups, the rise and de- 
cline in number of overt errors are more 
gradual. 

3. A greater percentage of errors to 
similar forms occurred than of errors 
to dissimilar ones, in all groups. The 
greatest proportion of errors in each 
group, however, was of a ‘mixed’ 
type, indicating confusion between 
more than one item within the list. 
Number of overt errors is conceived 
as a measure of generalization, in the 
sense that it indicates the degree of 
lack of differentiation between items 
to be discriminated. 

4. The results are discussed in re- 
lation to the hypothesis of intra-list 
generalization proposed by Gibson 
(r) and to the concept of isolation 
employed by von Restorff (11). 

5. Practical implications for train- 
ing in such skills as aircraft recogni- 
tion and code reception are discussed. 
The experiment gives evidence in 
favor of a method of presentation in 
which groups of highly similar items 
are given together. 


(Manuscript received February 1, 1949) 
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SYSTEMATIC FORMULATION AND EXPERIMENTAL 
ANALYSIS OF THE PHENOMENA OF THINKING 
AND BELIEF! 

BY CURTIS GALLENBECK AND KARL U. SMITH * 


University of Wisconsin 


I. GeneRAL INTRODUCTION 


When the topic of thinking is dis- 
cussed scientifically today the in- 
vestigator is typically concerned with 
the phenomena of problem solving 
behavior involving verbal symbolism 
or related processes. Generally 
speaking, attempts at experimental 
approaches to problems considered as 
related to the field of thinking have 
been of the following nature: (1) 
analysis of behavior and muscular 
reactions occurring during thinking 
(4); (2) the rate phenomena involved 
in thought solutions and problem 
solving situations (5, 6, 8); (3) study 
of the phenomena of abstraction and 
concept formation (2, 3,7); (4) and 
the practical and theoretical attempts 
to scale and measure human beliefs 
arising from guided and unguided 
thinking (1, 9). 

Notwithstanding these different ex- 
perimental and theoretical approaches 
to the problems of the psychology of 
thinking, there is really little under- 
standing of the systematic principles 
of this aspect of human behavior. 
It is proposed to give in this paper an 
outline for comprehensive scientific 
approach to the phenomena of think- 
ing and belief and to supply experi- 
mental data bearing on the applica- 
bility of this approach. 


1 This study was carried out under a grant 
from the Research Committee, the University of 
Wisconsin Graduate School. 

*The authors wish to express gratitude to 
Miss Margaret Kuenne for aiding in the prep- 
aration and selection of items used in the belief 
scales in this study. 


II. THEeoreticat ORIENTATION FOR 
EXPERIMENTAL DeEsiIGN 


Thinking is here defined operation- 
ally as a general, dynamic change in 
behavior akin to learning which occurs 
in conjunction with repetition of 
symbolically controlled responses. 
It is a change or reorganization of be- 
havior arising out of responses to 
symbols and repeated stimuli ex- 
pressed or recalled verbally. Beliefs 
and attitudes are specific patterns of 
reaction ensuing from this dynamic 
process of thinking. As such, they 
represent not only current reactive 
characteristics of behavior, but they 
also provide a foundation for future 
thinking and action. These same 
beliefs are characterized by reactive 
properties such as strength, latency, 
threshold, etc. They are subject to 
further dynamic changes through 
growth, learning, thinking, inhibi- 
tion, extinction, fatigue, and other 
similar dynamic functions which in- 
fluence behavior. 

The first purpose of this study is to 
investigate certain of the reactive 
and dynamic properties of beliefs just 
noted and to appraise their signifi- 
cance in relation to the general theory 
of thinking here proposed. 

Specifically, an attempt is made to 
measure and relate response time in 
beliefs (hereafter referred to as deci- 
sion time) and the intensive or 
strength property of belief (hereafter 
referred to as level of conviction). 
The reactive characteristics of in- 
tensity may be considered as the level 
of conviction with which an attitude 
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or belief is expressed. One method of 
measuring this intensity is to provide 
an opportunity for the subject to 
indicate how certain he is of the stated 
belief. If one is highly certain of his 
belief, it is held as reflecting a greater 
intensity of belief than an attitude 
about which one is uncertain. La- 
tency, as a reactive measure of beliefs, 
is considered as having a standard 
meaning which refers to the response 
time elapsed between the presentation 
of a symbolic stimulus and the record- 
ing of a decision or expressed belief. 

In the theory here proposed as a 
methods tool for the study of think- 
ing, definite assumptions are made 
and related hypotheses derived about 
the patterning of human belief into 
attitudes and associated habitual 
trends in thought. The following 
general characteristics of beliefs, 
among others, are predicted by the 
general theory on the basis of as- 
sumptions about the motivation of 
thinking and its dynamic characteris- 
tics. 


1. Inasmuch as the reactive aspects 
of thought have a common primary 
developmental origin in regard to 
motivation and goal reinforcement, 
diverse beliefs, especially those of a 
‘non-factual’ nature about religion, 
politics, science, history, perception, 


art and literature, will correlate 
highly with one another in regard to 
their reactive properties of latency, 
conviction level, and duration. 

2. Because the primary motiva- 
tional and goal-reinforcing factors of 
thinking, like other aspects of be- 
havior, are always related to either 
(a) specific need-satisfying states and 
reactions, or (b) emergency auto- 
nomic-emotional states and reactions, 
beliefs most closely related to emo- 
tional situations and practical needs 
of living will correlate higher than 
other belief types with any general 


pattern of attitudes. The correlation 
referred to concerns the relationship 
existing between the reactive proper- 
ties of different specific beliefs. 

3. Complex forms of belief and 
knowledge, as found in scientific, 
religious, logical, and controlled ob- 
servational thinking, represent sys- 
tematizations of basic forms of re- 
active belief and attitude without 
modification of the motivational and 
goal-reinforcing factors involved in 
the latter. Accordingly, concepts de- 
rived through these adult modes of 
thinking tend to be more situational 
in character, less subject to general- 
ization, and show a lower level of rela- 
tionship with other attitude patterns 
than do the basic emotional and 
pragmatic beliefs. 

In order to investigate in a pre- 
liminary fashion, the ideas expressed 
above, a broad sample of non-factual 
belief statements has been collected 
and arranged into the inventory de- 
scribed later in this paper. On the 
basis of data obtained with this in- 
ventory, which has been scaled only 
in certain arbitrary ways, suggestive 
data have been secured concerning 
the relations between different cate- 
gories of belief. 


III. Metruops Anp PRrRocEDURE 


An individual attitude survey,’ especially 
developed for this project, consists of one hun- 
dred and eighty-two non-factual statements of 
common beliefs selected from several hundred 
belief statements originally devised to cover the 
foliowing 13 categories of knowledge: self, 
science, perception, politics and economics, 
literature, history, practical living, society, the 
future, morals, religion, emotional expression, 
and non-logical relations. 


* For a copy of this survey order Document 
2651 from American Documentation Institute, 
1719 N Street, N.W., Washington 6, D. C., re- 
mitting $0.50 for microfilm (images one in. high 
on standard 35 mm. motion picture film) or 
$0.70 for photocopies (6X 8 in.) readable with- 
out optical aid. 
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Fourteen statements were selected for each 
scale. Item selection was performed by a panel 
of three expert judges. The criteria for selec- 
tion included: 


1. Consideration of the content of the state- 
ment. An effort was made to eliminate all 
statements which expressed an attitude involv- 
ing two or more types of beliefs. 

2. Seven of the statements were worded to 
produce general agreement, while the remaining 
seven were worded to produce general disagree- 
ment. : 

3. No item was placed in the scale without the 
unanimous approval of the three judges. 

4. Items were worded to be understood by the 
average high-school student. 


The scale may be administered either as a 
group inventory or as an individual inventory. 
The individual form consists of 182 separate 
cards. A standard set of instructions has been 
developed and were employed in this experiment. 
In responding to each item of the scale, the sub- 
ject is given six alternate ways of reacting to the 
statement. He may indicate by appropriate 
marks on the answer sheet high agreement, 
moderate agreement, uncertain agreement, un- 
certain disagreement, moderate disagreement, or 
high disagreement. 

In measuring decision time, the following con- 
ditions were employed. The subject was seated 
in front of a one-way vision screen at a table 
upon which an individual form of the scale had 
been placed. The cards were randomly ordered 
at the beginning of the experiment. The same 
item sequence was maintained for the first 15 
subjects. The scale terms were reversed for the 
remaining 15 subjects. During the experimen- 
tal period the subject was free from any extrane- 
ous influences and was the sole occupant of the 
room. 

The experimenter was seated in an adjoining 
room which provided easy observation of the 
subject. An electric timer with a mercury 
switch attachment was employed to determine 
the latency between receipt of the visual stimuli 
and the recording of a response answer. Timing 
was begun when the subject turned the indi- 
vidual card and was completed when the testee’s 
pencil made contact with the answer sheet. In 
an interview with each subject after observation 
had been made, it was determined that none of 
those participating were aware of any attempt 
to measure their decision time. 

The experimental group consisted of a total 
of 30 subjects. It was composed of 15 men and 
15 women enrolled in an elementary course in 
psychology. The age range for men was from 
17 to 24, while the age range for women was from 
18 to 32. Men and women were observed at 


alternate hours in order to balance possible di- 
urnal variation in different types of subjects. 
Each subject was tested individually and had no 
knowledge of the purpose of the study. Prior to 
the experimental meeting a group personality 
test had been administered to all those par- 
ticipating in the experiment. It was stated at 
that time that the purpose of the study was to 
correlate personality traits with various types of 
belief. 


IV. Resutts 


The data to be presented apply to 
the following problems: (a) the rela- 
tion between response latency in 
making a belief decision and the in- 
tensity of belief, (b) the relation be- 
tween latency in making a decision in 
belief and the degree of repetition in 
making such decisions, and (c) the re- 
lations between different categories 
of belief. 

A. Relation of response latency to 
intensity of belief —Fig. 1 summarizes 
data obtained on the relation between 
response time and intensity of belief. 
In this figure, values plotted along 
the abscissa show decision time in 
terms of one-sec. intervals. Along 
the ordinate are represented the num- 
ber of individuals. Aside from special 
aspects of the distribution of scores, 
two main facts are to be noted in this 
figure. The variability of decision 
time is extraordinarily great for low 
levels of conviction, but of a very 
limited nature for high levels of con- 
viction. High conviction in belief is 
associated with short decision times, 
whereas low levels are paired with 
relatively longer times. 

In Table I are shown the group 
means, the range, and standard devi- 
ations of the different levels of con- 
viction in responding to items in the 
scale. The three rows are designated 
as Highly Certain, Moderately Cer- 
tain, and Uncertain. Column 1 pre- 
sents the range of decision time for 
each level of cohviction. The mean 
decision time for all 30 subjects for 
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NUMBER OF CASES 








HIGHLY CERTAIN 


MODERATELY CERTAIN 
UNCERTAIN 





LATENCY IN SECONDS 


Fic. 1. 


each level of conviction is found in 
column two. The final column gives 
the standard deviations. A compari- 
son between rows in column one indi- 
cates that the shortest latency is 
recorded for highly certain beliefs. 
The longest latency is found for be- 
liefs of low intensity. The greatest 
variability of data occurs within the 
uncertain category. There isa steady 
decrease in variability as the intensity 
of belief increases. Further, a com- 
parison of the means for each level of 
intensity will reveal a definite re- 
duction in latency with increasing 
certainty of belief. 

The differences between levels of 
conviction in regard to response time 
as just described are all statistically 
significant. The t-values for these 
differences are as follows: between 
highly certain and moderately cer- 
tain levels, 7.26; between uncertain 
and highly certain levels, 6.09; be- 


Distribution of individuals in terms of decision time as related to level of conviction 


tween uncertain and moderately cer- 
tain levels, 3.94. 

B. The effect of repetition in making 
belief decisions upon response latency 
in making such decisions —Fig. 2 
summarizes data bearing the differ- 
ences in decision time in relation to 
successive quarters of the attitude 
scale. It will be remembered that the 
scale is composed of 182 items. The 
average time to respond to the scale 
is about 40 min. The scale is divided 
into four successive parts and the 
mean decision times for individuals in 


TABLE I 


Mean, Rance, ann Stanparp Deviations 
or Decision Time, as ReLatep To 
Levet or Conviction 








Level of Certainty Range 

5.16-10.98 
7-17-16.09 
6.29-31.67 





Highly certain 
Moderately certain 
Uncertain 
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these successive parts of the scale 
were computed. The purpose of this 
treatment of the data is to appraise 
the hypotheses derived from the gen- 
eral theory; that decision should show 
fatigue, boredom, and extinctive and 
other dynamic features common to 
general forms of behavior. 

The results in Fig. 2 indicate some 
interesting phenomena related to re- 
active beliefs. All subjects show, in 
general, the tendency to respond 
faster in making decisions about the 
statements during the second half of 
the scale. Although the phenomenon 
is not shown in the figure, 13 subjects 
demonstrated what might be. termed 
an end-spurt in the last quarter of the 
scale. In general, the change in re- 
sponse time may be said to have, 
especially if the end-spurt phenomena 
are considered, the characteristics of 
a monotony curve as found in repeti- 
tive performance tasks. 


——— GROUP MEAN DECISION TIME 


PLUS AND MINUS ONE STANDARD 
DEVIATION 








Q, Q, a, 

Fic. 2. Group mean decision times and in- 

terquartile variability for all subjects on suc- 
cessive quarters 


The significance of the difference 
between mean values for the various 
quarters was determined by f-tests. 
The first quarter is characterized by 
significantly longer latencies than 
those found in any other quarter. A 
comparison between the second and 
fourth quarters also yields a highly 
significant difference. Significant dif- 
ferences were not found for the com- 
parison of mean latencies for the 
third and fourth quarters. Of slight 
significance was the difference between 
the second and third quarters. The 
dynamic phenomenon here described 
is referred to as repetition decrement 
in thinking, inasmuch as it represents 
a change in the direction of a more 
cursory approach to the problem 
situation. 

The significant differences in re- 
sponse time associated with repetition 
decrement in thinking are not attrib- 
uted to the nature of specific items 
within the scale, inasmuch as an ex- 
perimental control was employed in- 
volving scale reversal for one-half of 
the subjects. A general observation 
of subject behavior between initial 
and terminal portions of the task 
would indicate an increasing indiffer- 
ence and greater boredom expressed 
in various overt forms of activity. 
This behavior, as well as the above 
results, may not be attributed to 
pressure of time on any one subject, 
since none of those tested were run in 
a situation involving task completion 
within a specified time interval. 

C. Interrelation of categories of be- 
lief —The present theoretical orienta- 
tion defines several possible ap- 
proaches to the investigation of the 
structure or patterning of human be- 
liefs together with associated trends in 
the dynamic aspects of thinking. 
Among other methods, correlational 
and factor analysis of the reactive 
properties of beliefs or categories of 


eT BENT BSI T" 1 CINCO 


+ ne a 





THINKING AND BELIEF 79 


such beliefs will suggest, under the 
guidance of a sound theoretical ap- 
proach, primary types of belief or 
attitudes which relate most highly to 
the wide array of human convictions. 
Such primary beliefs, within the pres- 
ent theory, will also identify the basic 
factors of reinforcement in thinking 
in terms of which trends of though are 
evolved and sustained. 

As a purely preliminary approach 
to the broad study of this problem, 
intercorrelations have been computed 
between the different arbitrarily de- 
fined categories of belief. In one 
analysis the intercorrelations were 
computed for figures on level of con- 
viction and in another the correlations 
were found for decision time. 

In the correlational study based on 
measures of conviction level, an 11- 
category scale was employed. The 
categories covered were religious, 
metaphorical and literary, practical, 
emotional, perceptual, scientific, po- 
litical and economic, moral, illogical, 
historical, and _ futuristic _ beliefs. 
Fifty college student subjects partici- 
pated in the study. Consistently 
high intercorrelations were found. 
Average intercorrelations were highest 
for practical beliefs (+.75) and emo- 
tional beliefs (+.73), and lowest for 
religious beliefs (+.50) and perceptual 
beliefs (+.62). 

In order to check on effects of 
specific items and subjects a different 
scale and group of subjects were used 
in the intercorrelation study on deci- 
sion time. Intercorrelations based on 
decision time gave somewhat lower 
values overall. In this analysis, 
values were computed for a scale 
possessing two additional categories 
covering social beliefs and beliefs 
about self, as described earlier in this 
paper. In terms of the decision time 
measures, average intercorrelations 
were highest for social beliefs (+-.68), 


illogical beliefs (+.61) and emotional 
beliefs (+.58). Beliefs about self, 
moral beliefs and practical beliefs 
also gave high values of the order of 
+.55. Lowest average intercorrela- 
tions were found for the categories of 
scientific beliefs (+.31) and beliefs 
about the future (+.31). 

The results cited are considered pre- 
liminary and somewhat arbitrary by 
virtue of the limited number of sub- 
jects, the fallibility in categorizing 
beliefs in terms of expert judgment 
alone, and the lack of any systematic 
scaling of items in specific categories. 
Nevertheless, the fact is deemed sig- 
nificant that the correlation data fol- 
low in general the expectations de- 
fined in the general theory, which 
specifies the high interrelation of dif- 
ferent beliefs and ascribes a dynamic 
developmental significance to prac- 
tical and emotional attitudes. In 
general, the theory outlined and per- 
tinent data obtained are significant 
in giving a foundation for compre- 
hensive statistical analysis of the 
structure of belief and thinking. 


V. Summary Anp ConcLUSIONS 


On ‘the basis of this preliminary 
study, the following conclusions are 
presented: 


1. A special inventory of beliefs 
has been designed to investigate re- 
active and dynamic phenomena of 
thinking. 

2. There is an inverse relation be- 
tween intensity of belief and decision 
time in expression of these beliefs. 
As a belief is designated as having 
greater intensity there is a correspond- 
ing reduction in decision time. Fur- 
thermore, there is a reduction in the 
range of variability of decision time as 
intensity of conviction increases. 

3. There is a significant trend in 
decision time as related to the degree 
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of repetition in making belief deci- 
sions. This trend has been named 
repetition decrement in thinking. 
Generally speaking, as the number of 
repetitions is increased the decision 
time is reduced. It is not clear 
whether this tendency represents the 
operation of fatigue, monotony, or 
extinctive properties in the formula- 
tion of decisions, but it is not inter- 
pretable, we believe, as a positive 
characteristic of thinking. 

4- Preliminary correlational study 
was carried out to determine what 
types of specific beliefs correspond 
most generally to other attitudes held 
by the individual. Intercorrelations 
based on both measures, decision time 
and conviction level, indicate that 
there is generally a high relationship 
existing between the various cate- 
gories of belief sampled in this study. 
In addition, the intercorrelations sug- 
gest certain categories of beliefs, 
especially those concerned with emo- 
tional and practical situations, mo- 
rals, and the self, are more representa- 
tive of general attitudes than are the 
more systematized beliefs concerning 
religion, historical matters, science, 
etc. 
5. The study was guided by the 
formulation of a methodological the- 


ory which identifies the relations be- 
tween the reactive, capacity, and 
dynamic properties of behavior re- 
lated to thinking and belief. Phe- 
nomena of patterning of thinking and 
belief specified by the theory are 
specifically borne out by data ob- 
tained in different aspects of the ex- 
periments which were carried out. 


(Manuscript received February 25, 1949) 
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MONOCULAR AND BINOCULAR INTENSITY THRESHOLDS 
FOR FIELDS CONTAINING 1-7 DOTS 


BY ROLAND C. CASPERSON 
The Johns Hopkins University 
AND HAROLD SCHLOSBERG 


Browon University 


In 1940, Hunter and Sigler (7) 
showed that the binocular intensive 
threshold increases in a regular fashion 
as the number of stimulus objects 
(dots) is increased from one to ap- 
proximately seven. Eight years later 
Schlosberg (11) suggested that this 
result was predictable in terms of a 
probability formulation. The pres- 
ent experiment subjects this formula- 
tion to experimental test. 

The Hunter-Sigler functions were 
based on the Intensity X Time values 
necessary to give 50 percent correct 
reports on each of the stimulus fields. 
If one assumes that the perception of 
cach dot on a multi-dot field is an in- 


dependent event, an 1 XT value 
which yields .50 correct reports on a 
one-dot plate should give .50*, or .25, 
on a two-dot plate, and .5o* on a 


plate containing » dots. Thus, if one 
had available the conventional type 
of psychometric function for one dot,' 
he could predict those for 2-7 dots. 

A test of this formulation was made 
on some representative curves pub- 
lished by Hunter and Sigler and on 
some additional ones which they had 
used in their computations. Each 
curve showed the percentage of cor- 
rect reports as a function of the num- 


! That is, plots of percent correct against in- 
tensity at each of several durations. These 
functions would have to be determined quite 
accurately, especially at their upper ends, to 
prevent accumulation of error during expansion. 
For example, if the p value at one dot were inac- 
curately determined as .80 when it was actually 
«jy, p*, the predicted percentage for 6 dots, 
would be .26 rather than .s3. 


ber of dots exposed at a specific in- 
tensity and duration (cf. Fig. 2 be- 
low). The predictions fit these curves 
well enough to encourage further 
study. Hence, the original formula- 
tion was modified to take into con- 
sideration the binocular origin of the 
Hunter-Sigler data. One binocular 
formulation fit these data up to 3 or 
4 dots, but a second one was necessary 
to predict results for 6 and 7 dots. 
In the absence of monocular data it 
was impossible to make a really con- 
clusive test of either the monocular or 
binocular formulations. 

What was needed was a determina- 
tion of the percentages of correct re- 
ports on plates containing from one to 
seven dots, exposed separately to 
each eye, as well as binocularly.? It 
was neither necessary nor practical 


* Recently Saltzman and Garner (10) showed 
that reaction time required for correct reports on 
plates containing 2-10 concentric rings increased 
with the number of rings. Further, they found 
that a major reduction in brightness and visual 
angle of the exposure field increased reaction 
time. It is probable that an acuity factor con- 
tributed to their results, but it is impossible to 
determine its importance, or to apply an analysis 
of the present type to their data. The reaction 
time method has some important advantages, as 
they point out; however, it is not well adapted to 
differentiating between relatively peripheral 
factors, such as acuity, on the one hand, and 
central integrative factors, as those subsumed 
under the concept of span of attention, on the 
other. The tachistoscopic method is more 
suitable for this purpose. For example, Hunter 
and Sigler (7) showed that, as the number of 
dots approached the “limits of a single event,” 
duration of exposure became increasingly impor- 
tant as compared to intensity. 
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to cover a wide range of I X T values; 
an intensive study at one value, chosen 
to give a monocular p in the mid- 
range of percentages, would furnish 
the best test of the monocular and 
binocular formulations. The present 
experiment supplies these data for 
two Ss. It will be shown that the 
results confirm the monocular formu- 
lation; however, they are not com- 
pletely consistent with any single 
binocular formulation. 


APPARATUS AND Metuop 


The apparatus used in this experiment is 
diagrammed in Fig. 1. In so far as was possible 
the apparatus and conditions duplicated those 
used by Hunter and Sigler (7). The experi- 
mental dark room was divided into three separate 
sections. The largest room measured 5 X 18 
feet and contained the subject’s observation 
booth at one end. This booth was enclosed on 
three sides and was three feet wide by about six 
feet long. The subject (J) sat comfortably in 
an adjustable swivel type desk chair which 
minimized fatigue during observation. The 
stimuli were viewed through a stereoscope hood 
(I) which served as a head rest. The lenses had 
been removed from the hood and a masking 
device was attached. With this device vision 
could be permitted with either or both eyes by 
simply changing the position of a small slide. 
Eleven feet in front of the subject was the wall 
separating the large dark room from the one 
which contained the remaining apparatus and 
the experimenter. The stimuli appeared 
through a circular hole 3} in. in diameter cut in 
this wall. A painted white circle } in. wide 
around the opening served to outline the stimulus 
field. ‘This circle was illuminated from above 
and below by two dim 7} watt Mazda bulbs. 
They were shielded from the subject by a light 
box (H) which completely encompassed the 
white circle and allowed a small amount of 
diffused light to escape parallel to the wall. The 
intensity was adjusted to make the fixation ring 
visible, without lighting the stimulus field (G). 
Although the aperture for the stimulus field had 
a radius of 1} in. all stimulus dots were included 
within a radius of 1} in. from the center of the 
field. Since the subject sat at a distance of 11 
feet, the area containing all of the dots subtended 
a maximum visual angle of 1°, essentially within 
the fovea, so long as steady fixation was main- 
tained. 

The light source (A), an SV™ slide projector 
containing a 300-watt Westinghouse projection 


bulb, was located in the experimenter’s room 
behind the fixation area. The light rays first 
passed through Wratten neutral tint filters (C) 
which were used to control the intensity of the 
stimulus. These filters were fitted into the 
opening for the slide holder of the projector. 
After passing the filters the light rays were con- 
verged by the focusing leans of the projector. 
At the focal point a metal shield with a }-in. 
vertical slit (D) was set up. This slit narrowed 
the beam of light and produced a homogeneous 
distribution of light on the stimulus plate. 
Stray light was prevented from reaching the 
stimulus field by enclosing the area between the 
projector and the stimulus plate holder with a 
light-sealed fiberboard funnel (F). The plate 
holder was attached directly to the wall behind 
the circular opening and the slides (G) were 
fitted into this holder flush with the wall. The 
projection bulb was lighted by 115 volts D.C., 
kept constant by means of a rheostat and volt- 
meter. 

Exposure time was regulated by a synchron- 
ous phonograph motor with a large metal disc 
(E) attached to its axle. The desired exposure 
time of 32 msec. was obtained by cutting an 
angular aperture of the correc size in the cir- 
cumference of this disc. Practically instantane- 
ous onset of the stimulus light was obtaiied with 
this shutter. The rotating disc was piaced as 
close as possible to the focal point of tie light 
where its cross section was reduced to 3 in. by 
the metal slit. The vertical sides of the shutter 
opening which was 1} in. wide thus passed 
directly in front of the }-in. slit, producing a 
rectangular beam of light. The disc moved 
past the slit at a rate of 43 in. per sec. providing 
neatly instantaneous cut-off. All of the reports 
for both subjects were obtained at a constant 
exposure time of 32 msec. It was found that an 
intensity of .55 millilamberts gave satisfactory 
curves for both subjects, so it was used through- 
out the experiment. This combination produced 
an energy value of .o18 millilambert sec. for the 
stimulus. The intensity at the stimulus plate 
was measured frequently with a Macbeth illu- 
minometer. It was found to vary less than 
1.3 percent during an experimental session and 
from one session to another. 

The stimulus dots were } in. in diameter, 
punched from black photographic masking tape. 
They were glued to thin translucent engineer’s 
tracing paper, which was mounted between two 
glass plates held together with tape. The dots 
were arranged in a similar manner to that used 
by Hunter and Sigler? Although irregular pat- 

3 The original Hunger-Sigler slides could not 
be used since they had become discolored during 
storage and were no longer uniform. We wish to 
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Fic. 1. Diagram of the arrangement of projector and associated equipment. 


A. Light Source 
B. Manual Shutter 
C. Filters 

D. Slit Aperture 
E. Disc Shutter 


F. Light Shield 

G. Stimulus Slide 

H. Fixation Light-box 
I. Stereoscope Hood 
J. Subject 


Distance between Subject (J) and Stimulus Slide (G) is 11 feet. 


terns were used they were arranged around the 
circumferences of three concentric circles having 
radii of 4, 3, and 1} in. A center dot was also 
included on at least one plate for each number of 
dots. The distance between any two dots was 
never less than } in., producing a maximum 
visual acuity of .29 for any pair of dots. Six 
complete sets of slides were made, each set con- 
taining a slide for each number of dots from o-9. 
Three sets had patterns which increased in size 
progressively as the number of dots increased. 
The other three sets had patterns whose areas 
varied independently of the number of dots in 
them; i.e., the pattern of the 3-dot slide might 
occupy the same area as that of the 7-dot slide. 


thank Professor Hunter for his advice and as- 
sistance in duplicating certain features of the 
original study (7). 


Although the results include only those re- 
ports made on 1 to 7 dots, the slides containing 
no dots as well as those of 8 and 9 dots were ran- 
domly distributed throughout an exposure 
series. This precaution was taken since it was 
felt that if the subjects realized that only 1 to 7 
dots were being exposed, their reports might be 
directed away from the extremes and thus reduce 
the validity of their judgments. The total 
number of slides used to determine the recorded 
results was 42; however each slide could be ro- 
tated through 180 degrees, bringing the number 
of different exposures to 84. 

The instructions read to the subjects and 
posted in the observation booth were as follows: 


The object of this experiment is to determine 
how many dots you can see during a brief 
exposure time. You are asked to report im- 








84 R. C. CASPERSON AND H. SCHLOSBERG 


mediately after each exposure the number of 
dots that you see. Be sure of your report; do 
not guess, The report “I don’t know” is 
allowed. Sometimes a large number of dots 
will appear, but report only the number that 
you are sure that you haveseen. At the ready 
signal, fixate your eyes on the center of the 
exposure field outlined by the white circle. 
Approximately one second later I will say 
‘now’ and almost immediately thereafter the 
stimulus will appear. Remember to keep 
your eyes on the center of the field and report 
only the number of dots that you have seen. 
Be sure to inforrn me if you blink or are unable 
to maintain fixation on the center of the field. 
Reports made under these conditions are in- 
valid and will not be recorded. 


The subjects‘ in this experiment were two 
male students whose visual efficiency was 100 
percent as measured by the standard A.M.A. 
test charts. Subject DA was a graduate student 
in the Botany Department. He received ap- 
proximately 12 hours of adaptation to the ex- 
perimental situation, during which time he 
viewed the stimuli at varying intensities. Sub- 
ject WR was an undergraduate student in the 
Department of Engineering. He received only 
six one-hour practice sessions; however he ad- 
justed quite easily and had very little difficulty 
in maintaining fixation. 

An experimental session lasted approximately 
one hour. It consisted of a practice period and 
three test series, one for each eye, and one bi- 
nocularly. The order of the series was varied 
systematically to overcome any fatigue effects; 
i.¢., in one session the order might be Right, Left, 
Binocular. The next session would then be Left, 
Binocular, Right. Preceding every experimen- 
tal session the subject was dark adapted for five 
min. and was then given 15 practice exposures. 
Whenever a new series was begun the subject 
was given a brief rest period * and then had 15 
more practice exposures with the type of vision 
he was to use for that series. 

During each series, five of the six sets of 
slides were exposed twice, once upright and the 
second time rotated through 180 degrees. Two 
or more blank slides, and one each of the 8- and 
9-dot slides were included in every series. Thus, 
a total of approximately 75 different exposures 
were made at five-sec. intervals. In this way a 


*One other subject received extensive pre- 
liminary training but never ‘settled down’; he 
consistently reported dots on at least 50 percent 
of the blank slides. 

* Because neither subject reported fatigue 
and because long rest periods disturbed fixation, 
rest periods were kept at a minimum. 


subject did not see the same pattern of dots 
twice during any one series with a particular 
type of vision. The order of slides within a set 
and the order of sets within’a series were varied 
randomly at frequent intervals. Besides this 
variation, one set of slides was removed at each 
experimental session and was replaced by the 
extra set which was kept nearby. Although 
subject DA sat for two experimental sessions a 
day, while WR sat for one, neither subject re- 
ported fatigue during observations. A total of 
200 judgments on each number of dots for each 
type of vision was obtained from each subject. 


EXPERIMENTAL RESULTS 


1. Monocular presentation: a. The per- 
centage of correct reports 


The monocular data for both sub- 
jects are presented in Table I, and in 
Fig. 2 A, B,C, and D. In the figures 
the percentage of correct reports 
(ordinate) is plotted as a function of 
the number of dots exposed (abscissa). 
The plotted points are empirical data, 
while the curves represent expansions 
of p", where n respresents the number 
of dots and p is the percentage of cor- 
rect reports obtained on plates con- 
taining one dot. Visual inspection 
will show that the obtained data fit 
the theoretical curves exceedingly 
well in three of the four figures. In 
2D, however, the obtained percent- 
ages at 3,5,6,and7dots are well 
above the values predicted from the 
one-dot plate. 

Table I presents predicted and ob- 
tained percentages, together with the 
differences between these values and 
the standard errors of the percentages. 
These data confirm the impressions 
one gains from visual inspection of the 
curves. Most of the differences be- 
tween theoretical and empirical per- 
centages for both eyes of WR and for 
the left eye of DA are less than one 
standard error. Only one difference 
(WR, left eye, 2 dots) approaches 

* Except in 2B where p was calculated from 


the 3-dot percentage, which yielded a slightly 
better fit for the remaining points. 
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TABLE I 


The percentage of correct reports obtained 
from two subjects with monocular viewing of 
plates containing 1-7 dots. Empirical and pre- 
dicted values are given together with the differ- 
ences between these values and the standard 
error of the predictions. 








No. Dots 
WR, Left Eye 








WR, Right Eye 
I 





DA, Left Eye 








DA, Right Eye 














* Point at which curve was fitted. 


significance. But in the case of DA, 
right eye, the percentages for 3, 5, 6, 
and 7 dots are above the predicted 
values by highly significant amounts. 


The results from the right eye of DA have a 
rational explanation. This S had been sub- 
jected to intensive preliminary training before 
the main experiments were started. He had 
observed three of the six series of plates, often 
at intensities high enough to permit perfect 
perception of even the 7-dot plate. Hence, he 
frequently recognized plates during the main 
experiment, even when he saw only a few char- 


acteristically-placed dots. He was repeatedly 
warned to report only the dots he actually saw, 
but he frequently made comments like “I saw 3 
but I know there were 6.” It is well known that 
suggestion and fore-knowledge exert powerful 
effects on the perception of liminal stimuli. 
Such knowledge would be especially effective in 
the present situation for all the dots rarely ap- 
pear as clear objects; often S is quite uncertain 
whether he sees a dot or a graininess of the visual 
field. In such doubtful cases the knowledge that 
a dot should be there would certainly influence 
the judgment. 

To check on this departure from predicted 
values, DA was given an additional series using 
both familiar and relatively unfamiliar sets of 
plates. Fifty judgments were obtained on 
each set at each point, all with the right eye. 
The p values were higher than in the main experi- 
ment, possible as a result of a rest period of 
three weeks. The unfamiliar plates gave 53 
percent correct judgments on one dot, and fol- 
lowed the expansion of this value quite well 
through five dots. The plates containing 6 and 7 
dots gave inflated values, but one cannot put too 
much reliance on data obtained from only 50 
judgments. On the other hand, the familiar set 
showed evidence of fore-knowledge on all plates. 
The percentage of correct judgments on one dot 
was 58.5 percent. Obtained percentages with 2 
and 3 dots were consistent with this p value, 
and were well above those obtained on the un- 
familiar plates. Finally, the familiar plates 
yielded a higher percentage of correct reports on 
4-7 dots then even the relatively high p value 
would predict. 

It is not clear why only one eye profited from 
recognition of the familiar plates. It is true 
that this eye was the dominant one and that 
ocular dominance is closely tied up with per- 
ception. But the writers know of no other ex- 
perimental evidence that the dominant eye is 
more efficient in perceptual tasks than is an 
equally-acute non-dominant eye. It may re- 
quire a rather difficult perceptual task to bring 
out this aspect of ocular dominance. 


b. The distribution of false judgments 


At the I X T value used, S makes 
relatively few correct reports on plates 
containing 5 or6 dots. It was shown 
above that the percentage of correct 
reports corresponds to p”* where p is 
the percentage obtained on one dot. 
But »* is merely the first term of the 
expansion of (p+ q)" = 1.00. The 
other terms should be capable of 
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Percentage of correct reports as a function of the number of dots exposed monocularly, 


at .s5 ml. X 32 msec. The solid lines represent theoretical curves derived from the formulation 


Pn = pr”. 
D—Subject DA, Right Eye. 


predicting the incidence of various in- 
correct reports. For example, under 
the illumination used throughout this 
experiment, the right eye of WR had 
a p of .543, which makes g equal to 
.457. For predicting responses to a 
§-dot plate, the equation becomes: 
(.543 P+ .457 Q)* = 1.00, or ex- 
panded: .osP* + .20P' 0 + .33P°§ G 
«+ + .02Q* = 1.00. 

In both of the above equations, 
upper case P and Q serve merely to 
identify terms during expansion. 
The exponents of P and Q represent, 
respectively, the number of dots which 
will and will not be seen, while the 
coefficients indicate the relative in- 
cidence of the particular report. 
Thus, .33 P*Q* means that 33 percent 


A—Subject WR, Left Eye; B—Subject WR, Right Eye; C—Subject DA, Left Eye; 


of all reports on a five-dot plate will 
be ‘three dots’ with the remaining 
two dots not seen. 

Table II presents the predicted and 
obtained percentages for all reports 
made by WR when his right eye was 
exposed to plates containing five and 
six dots. The predictions for the 
s-dot plates agree well with the ob- 
tained values, especially when one 
realizes that there were only 200 re- 
ports to be distributed among six 
categories. The biggest discrepancy 
is found in reports of 4 dots where the 
obtained value (.160) differs from the 
predicted one (.196) by only .036, 
which represents seven reports. 

The data for the same eye on the 
6-dot plates do not agree quite as well 
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TABLE Il 
Prepiction oF Speciric Errors ‘ 
Percentage of various reports on 5-dot slides (top) and on 6-dot slides (bottom), comparing the 


values predicted by (P + Q)", where n is the number of dots exposed (Pred.), with the values ob- 
tained empirically (Emp.) 
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with the predictions. They run about 
half a dot too low. That is, moving 
up half of the reports of ‘5’ to ‘6,’ half 
of those of ‘4’ to ‘5,’ etc., will bring 
the empirical data in line with the 
predictions. 


Similar data from the left eye of the 
other S, DA, also appear in Table II. 
Those from the §-dot plates run about 
a dot below predictions and those from 
the 6-dot plate show an even more 
pronounced skew toward the smaller 
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TABLE Ill 


The percentage of correct reports obtained from two subjects with binocular viewing of plates con- 
taining 1-7 dots.. The empirical values are compared with those predicted by formulations A and B. 
(See text.) 
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reports. It will be recalled that DA 
received repeated warnings to report 
only what he saw in an attempt to 
overcome the effects of excessive 
familiarity with some of the plates. 
He may well have developed an over- 
cautious attitude which led him to 
bunch his reports at the lower end of 
the scale, especially when he saw 
plates which he did not recognize. 
This argument would seem to conflict 
with the observed fact that this eye 
gave the predicted percentages of cor- 
rect reports on all plates up to and 
including those containing 7 dots. 


2. Binocular presentation 


The binocular data are presented in 
Table III and in Figs. 3A and 3B. 
There are two theoretical curves for 
each set of binocular data correspond- 
ing to the two formulations proposed 
by Schlosberg. The ‘best eye’ monoc- 
ular curve from Fig. 2 has also been 
added. 

Formulation A assumes that every 
dot which stimulates either eye will 
be reported; that is, S might see 3 dots 
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with his right eye and 2 others with 
his left and report 5. 


(A) Pn bin. = (1.00 — Gagr)” 


where px vin. is the predicted percent- 
age of correct reports on n dots while 
gx and gz are the probabilities that a 
dot will not be seen by right and left 
eye, respectively. 

Formulation B assumes that all dots 
must stimulate the same eye to be re- 
ported; that is, the two eyes cannot 
add up their dots as was assumed in 
(A). 


(B) Pn bin, = 1.00 
— (1.00 — pr") (1.00 — px") 


where pe and py, are the probabilities 
that a dot will be seen by right and 
left eye, respectively. It should be 
emphasized that pr, px, Gr, and qx are 
those obtained from the monocular 
data. Hence, the theoretical bino- 
cular curves are not anchored to one 
of the empirical points which they 
predict as was the case in the mono- 
cular curves. 

It is quite clear from Fig. 3 that 
Formulation A does not predict the 
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Percentage of correct reports as a function of the number of dots exposed binocularly. 


The obtained values (solid circles) may be compared with those predicted by formulation A (solid 
line), formulation’ B (broken line) and ‘best eye’ (dotted line). Data in'3A are from WR, while those 


in 3B are from DA, 
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binocular results of either S. Formu- 
lation B is somewhat more successful, 
but it is still far from adequate. The 
binocular values obtained from WR on 
plates containing 1-4 dots fall some- 
where between those obtained from 
his better eye, and those predicted by 
the formulation. But plates contain- 
ing 5—7 dots do agree with predictions. 
The standard errors presented in 
Table III make it permissible to ac- 
cept the fit for 3 and 4 dots but the 
consistency of the trend argues against 
it. 

Turning to DA, it will be seen that 
the binocular percentage for one dot 
is lower than that predicted by formu- 
lation B and that the difference is 
barely significant (Table III). 
Values for plates containing 2, 3, and 
4 dots are adequately predicted. 
Those for 5, 6, and 7 dots are high, 
presumably for the same reason that 
similar data from his right eye were 
above predictions. It is reasonable 
to assume that any previous knowl- 
edge of these plates would show even 
more clearly in binocular data than it 
did in those from the dominant eye. 


Discussion 
1. Monocular results 


The present paper, as well as the 
one which preceded it (11), was pri- 
marily motivated by the desire to dis- 
cover why it takes progressively more 
light to see 1,2,3 ... 7 dots. It is 
clear that an adequate answer may be 
found by assuming that the perception 
of each of several dots is an independ- 
ent event and that the probabilities 
of each of the single events may be 
compounded to predict that of the 
group. For three out of four eyes 
this formulation yielded excellent pre- 
dictions of the percentages of correct 
responses to 2-7 dots, in spite of the 
fact that any inaccuracies present in 


the one-dot percentage accumulate 
when this value is raised to the sixth 
or seventh power. Similarly, this 
type of reasoning showed some success 
in predicting the distribution of 
specific errors. It is not surprising 
that instructions and specific past ex- 
perience disturbed the predictions in 
some cases. 

The occasional partial failure of the 
monocular probability formulation 
prompted an examination of other 
simple visual processes which might 
have produced the obtained results. 


a. The sensitivity of the whole visual 
field varies from moment to moment. 
Changes in pupil size, ‘attention,’ ac- 
commodation, and factors like blood 
supply, might give such fluctuation. 
If these variations in general sensitivity 
were solely responsible for the typical 
psychometric function used in determin- 
ing thresholds, there would be no vari- 
ation in the percentage of correct re- 
sponses as the number of dots was in- 
creased as long as | X T remained con- 
stant. In other words, the curves in 
Fig. 2 would run parallel to the base line. 

A more reasonable assumption is that 
general fluctuations in sensitivity occur 
to a limited extent, and that they distort 
the values predicted on the assumption 
of independent variability of retinal 
points.’ For example, DA gave correct 
reports on .455 of the 1-dot plates. As- 
sume that .30 of the failure were due to 
‘lapses... This would mean that inde- 
pendent variability would account for 
seeing the dot .455 out of the remaining 
-70 instead of out of 1.00 or a corrected 
p of .65. If the corrected p is raised to 
the mth power and then multiplied by .70 
(to correct for the restricted range), one 
can predict the effect of assumed lapses 
of sensitivity. As might have been 
expected, such general variation in sensi- 
tivity would markedly raise all values 


7In this and in similar contests, ‘retina 
points’ serves as a convenient shorthand term, 
and is not intended to deny the possible impor- 
tance of higher centers as proposed by Crozier 


(3). 
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obtained from multidot plates as 
compared to predictions made on the as- 
sumption of completely independent 
variability, In fact, any appreciable per- 
centage of lapses would seriously disturb 
the accuracy of prediction in three of the 
four monocular curves and would not 
improve that of the remaining one (DA, 
right eye). 

However, it would be rash to dismiss 
the possibility of some general variation 
in sensitivity. The hypothetical case 
analyzed above assumed that any general 
variation was of the all-or-none type, 
such as inattention or gross failure of ac- 
commodation. A more probable as- 
sumption is that the eye would vary con- 
tinuously in degree of sensitivity as a 
result of pupillary or circulatory changes, 
for example. It is possible that such 
general variation may account for the 
partial failure of the independent vari- 
ability formulation to predict the dis- 
tribution of errors. Unfortunately, 
there seems to be no simple way in which 
one can calculate the interaction of in- 
dependent variation and continuous 
general variation of sensitivity of retinal 
points. Some general variability seems 
probable on a priori grounds; the results 
indicate that its effect has been kept at a 
minimum in the present experiment. 

b. A second possible explanation of 
the monocular results might be found in 
interaction effects (1,5). Certainly 
summation would not predict the ob- 
tained results for it would reverse the 
curves. On the other hand, inhibition 
among areas corresponding to several 
dots would decrease the percentage of 
correct responses as the number of dots 
was increased. But, in the present 
state of our knowledge of the topic, it is 
unlikely that inhibition could be used to 
make a precise prediction of the obtained 
results, particularly those concerned with 
the distribution of false reports. 

Thus, the assumption of independent 
threshold variability of the sensitivity of 
retinal points gives the only adequate 
explanation of the results. Other proc- 
esses, if they occur at all, are not of 
sufficient importance to show their 
effects in unequivocal fashion. This 


finding seems to be in agreement with 
current visual theory, as proposed by 
Hecht (6) for example, in that it indicates 
a mosaic which varies in sensitivity from 
point to point and possibly from time to 
time. It does not indicate the locus of 
the variability which may be either 
retinal or central. It is this variability 
of sensitivity of individual points which 
accounts for the familiar ogive when 
I X T is plotted against percentage of 
correct reports in threshold determina- 
tions for single objects. It also ac- 
counts for the decrease in percentage of 
correct reports as the number of stimulus 
objects is increased when I X T is kept 
at a constant value. These two func- 
tions combine to account for the increase 
in I X T needed to obtain s0 percent 
correct reports as the number of stimulus 
objects is increased from 1 to 7. 


2. Binocular formulation 


It will be recalled that Schlosberg (11) 
believed that the Hunter-Sigler data fol- 
lowed formulation A up to 2 or 3 dots and 
then gradually shifted to conform to 
formulation B. He interpreted this to 
mean that these subjects could integrate 
2 or 3 dots across the two eyes, but that 
such integration broke down as the num- 
ber of dots increased. Hence, when 
there were 6 or 7 dots present, all must 
be seen by the same eye to be reported. 
But the Hunter-Sigler data were all 
binocular, so it was impossible to obtain 
an empirical value for pr and pr. 
Therefore, hypothetical (and equal) pr 
and pr were calculated from one-dot 
binocular values in two out of the three 
curves considered. But for each of the 
Ss in the present experiment the obtained 
percentage on one dot, binocular, was 
considerably below that predicted from 
the monocular data. Hence, it might 
have been better to calculate the hypo- 
thetrical monocular p values in the 
Hunter-Sigler data from the 2-dot binoc- 
ular percentage as had been done with 
one of their curves which lacked an 
empirical percentage for one dot. This 
recalculation has since been made and 
shows that it is less certain that formula- 
tion A held for any part of the data. 





MONOCULAR AND BINOCULAR THRESHOLDS 91 


Further discussion of binocular data 
which have no comparable monocular 
values is fruitless. It was to avoid this 
difficulty that the present experiment was 
carried out. Unfortunately, it is still 
impossible to support a single binocular 
formulation. DA followed formulation 
B fairly well if one makes allowance for 
the effect of foreknowledge of some of the 
plates. On the other hand, WR hit a 
compromise between ‘best eye’ and 
formulation B up to 4 dots, but followed 
B for the range 5-7 dots. 

These results can be made more mean- 
ingful if they are described in terms of 
processes instead of curves and formulae. 
Subject DA was unable to integrate 2 
dots across the two eyes; * the eye which 
received the larger amount of effective 
stimulation always inhibited the other 
eye. There is even a possibility that an 
effectively blank field in one eye some- 
times inhibited a dot registered by his 
other eye. Subject WR seems to have 
shown still more inhibition of one eye by 
the other. If it is assumed that his 
dominant eye often inhibits the other eye, 
especially when neither eye has a very 
complex field, it is apparent that the ob- 
tained percentages on the smaller plates 
should fall between a ‘best eye’ and a 
binocular formulation, as they do. But 
as the field becomes more complex (2 or 
3 dots for DA, 5 dots for WR), the eye 
which receives the larger amount of 
effective stimulation dominates the per- 
ception.® 

If this line of reasoning is correct, one 
would not expect that any single formu- 
lation would predict binocular results for 
all subjects and all fields. This difficulty 
might well have been anticipated, in view 
of the extensive literature on retinal 
rivalry and ocular dominance—a litera- 
ture which brings out the great depend- 
ence of binocular inhibition and integra- 
tion on the nature of the fields, sets, 
internal conditions, and individual differ- 
ences among Ss (12). 


*The two Hunter-Sigler subjects may have 
done so; see above. 

*The reader can demonstrate this fact by 
blocking alternate eyes with his hands as he 
continues reading. 


At the present time there seems to be 
little to be gained from an extensive 
comparison of these results with those 
already reported in the literature on 
binocular intensity thresholds. Since 
the time of Piper (8) workers in this field 
have disagreed on the amount and even 
the existence of binocular summation. 
For example, Graham (4), using foveal 
stimulation, found no indications of 
binocular summation in any of his seven 
Ss. On the other hand, Cook (1), who 
aiso used foveal stimulation, found that 
monocular thresholds were about 50 per- 
cent higher than binocular ones for three 
of his Ss; for the other three Ss the binoc- 
ular thresholds approximated those of 
the more sensitive eye. Neither of these 
experiments can be compared directly 
with the present one, for all results are 
given in mean values with no indications 
of the variability of judgments. In fact, 
the only paper which reports percentages 
of correct judgments is that of Pirenne 
(9), who found that the two eyes act 
independently. He was able to predict 
the percentage of correct binocular 
judgments by compounding the monoc- 
ular probabilities as has been done 
above. Unfortunately, he used a single 
large area in the periphery of the retina, 
so that his results have limited applica- 
tion to the visibility of 1-7 small foveal 
dots. 

The ultimate solution of the problem 
of binocular summation will require an 
extensive series of studies of binocular 
thresholds employing many subjects as 
well as various test fields. It is unlikely 
that an adequate solution will ever be 
reached by limiting our consideration to 
gross averages in an effort to find a 
simple answer. 


SUMMARY AND CONCLUSIONS 


1. Two subjects reported the num- 
ber of black dots they saw when 
plates containing from 1 to 7 dots 
were presented. All exposures lasted 
32 msec. at an intensity of .55 ml. 
Each dot subtended a visual angle of 
3.3 and all were within a field of 1°. 
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Each S received 200 trials with each 
eye and 200 binocularly for each 
number of dots. 

2. The percentage of correct re- 
ports fell off as a function of the num- 
ber of dots exposed. The monocular 
results were in agreement with the 
curve described by p*, where p was 
the obtained percentage of correct 
reports on one dot and n was the num- 
ber of dots. 

3. Similarly, expansion of (p + q)” 
= 1.00 showed some success in pre- 
dicting the distribution of incorrect 
judgments on plates containing 5 and 
6 dots. 

4. These formulations assume in- 
dependent variability of sensitivity 
in the various areas of the fovea. It 
was shown that no other ‘peripheral’ 
factors have demonstrable effects on 
the results; however, central factors 
as learning and instructions seem to 
have influenced certain data from one 
S. 

5. The binocular results conform 
roughly to properly compounded 
monocular probabilities. However, 
no single binocular formulation seems 
to fit the results from all subjects and 
all visual fields. 


(Manuscript received February 8, 1949) 
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PERCEPTION OF THE UPRIGHT WHEN THE DIRECTION OF 
THE FORCE ACTING ON THE BODY IS CHANGED * 
BY H. A. WITKIN 
Brooklyn College 


I. INTRODUCTION 


The direction of the perceived up- 
right is ordinarily determined by two 
sets of experiences. First, visual 
space is filled with proper verticals 
and horizontals, and these provide a 
basis for judging the direction of the 
upright. Second, the gravitational 
pull on the body, which corresponds 
in direction to the true upright and 
which is readily detected through the 
postural adjustments made to it, pro- 
vides another basis for judgment. 
Ordinarily, of course, the vertical of 
the visual field and the gravitational 
vertical coincide in direction, both 
forming a 90° angle with the horizon. 
In order to study the relative impor- 
tance of each for perception of the 
upright, it is necessary to separate 
them experimentally. This separa- 
tion may be accomplished in two 
ways: by tilting the visual field, with 
its main vertical and horizontal lines, 
while the force on the body, provided 
by gravity, remains unaltered; or by 
changing the direction of the force on 
the body, while the visual field re- 
mains upright. The first type of pro- 
cedure, which involves radical changes 
in the visual determinants of percep- 
tion of the upright, has already been 
used extensively in previous studies 

* This study was carried out, for the most 
part, while the writer was.a fellow of the National 
Research Council during 1943-1945. The ap- 
paratus was constructed with the aid of a grant 
(Grant No. 675) from the American Philosophi- 
cal Society, of which grateful acknowledgment 
is hereby made. This grant was made to Dr. 
S. E. Asch and the writer; Dr. Asch, however, 
did not participate in this study. Gratitude is 


due to N. Tamber, who assisted in the investiga- 
tion. 
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(1, 2,4,6). In extension of these 
studies, it is now necessary to investi- 
gate the second type of procedure. 

It should be noted that modification 
of postural factors by simply tilting 
the body-—a technique employed in 
previous studies (2, 4, 5, 6)—-is basi- 
cally different from their modification 
by altering the direction of the force 
that acts on the body. Tilting the 
body may at worst make it more 
difficult to detect the direction of the 
gravitational vector and to use it as a 
basis for determining the upright. 
The direction of the gravitational 
pull, of course, remains unchanged 
and continues to be available as a 
proper basis for judgment. Chang- 
ing the direction of the force on the 
body, on the other hand, directly 
alters the gravitational standard for 
judgment. It is clear that only by 
changing this force is it possible to 
alter the postural determinants of the 
upright in as radical a way as the 
visual determinants are altered by 
displacing the visual field. The ex- 
periment to be described, therefore, 
represented a necessary extension of 
technique in these investigations of 
perception of the upright. 

To change the direction of the force 
acting on the body is a relatively 
simple matter. All that is necessary 
is to rotate the S on a circular path, 
so that the effective force on the body 
is the resultant between the laterally- 
acting centrifugal force and the down- 
ward-acting gravitational force. 
Furthermore, it is possible, by chang- 
ing the rate of rotation and thereby 
the magnitude of the centrifugal 
force, to vary systematically the 
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direction of the effective force on the 
body. 

Experiments utilizing this principle 
were performed about 75 years ago 
by Mach (3). He observed, while 
traveling on a train, that as his car 
went around a curve the scenery out- 
side appeared to tilt over. He sub- 
sequently performed laboratory ex- 
periments in which some of the condi- 
tions presumably responsible for this 
phenomenon were duplicated. Specifi- 
cally, he had himself driven about a 
circular track in a small fully enclosed 
cardboard box. Mach observed that 
as the box accelerated it appeared to 
tilt over more and more, and that 
after reaching a uniform speed it 
assumed a constant perceptual tilt. 
Since the shift in the perceived up- 
right resulted from modification of 
the direction of the force acting on 
the body, Mach concluded that orien- 
tation toward the upright is based pri- 
marily upon postural experiences. 
This conclusion is at variance with 
that suggested by the results of previ- 
ous studies in this series, where visual 


factors were found to play a primary 
role. In order to clarify this differ- 


ence, it is necessary to investigate 
further the manner of perceiving the 
upright during rotation. 


II. APPARATUS 


The apparatus used to rotate the S may be 
seen in Fig. 1. It consisted of a totally enclosed 
room, five feet high by four feet wide by six feet 
long, which was mounted on two rubber-tired 
casters, and which rode on a circular hardwood 
track 17.2 feet in diameter. The drive con- 
sisted of a two-h.p. wound rotor induction motor, 
coupled through a 48-to-1 gear reducer and then 
through a radius arm to the room. The speed 
of rotation was controlled by means of a drum 
controller inserted in the rotor of the drive 
motor, which varied the circuit reistance. The 
speed could also be changed by varying the size 
of the pulley on the drive motor. 

A small side door permitted entry into the 
experimental room. At the rear of the room, 
facing the direction of rotation, a comfortable 
leather chair, equipped with arm-rests, was at- 
tached to the floor so that it could not tip while 
the room was in motion. Above the chair was 
an adjustable headrest, which was used to hold 
the S’s head stationary. This feature was 
introduced because even slight head movements 
during rotation were found to produce marked 
Coriolis reactions involving strong and unpleas- 
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ant sensations of catapulting backward, to the 
side, and so on, depending on the nature of the 
head movement. The room was completely 
light-proof, and its interior was painted black. 
The front wall, facing the S, was bordered with 
narrow white strips emphasizing .is outlines, and 
fixed to it were two pictures in square frames. 
The white strips and the frames supplied promi- 
nent vertical and horizontal lines. To illuminate 
the room a 6-volt ‘trailer’-type bulb was mounted 
in each upper corner of the rear wall. Power for 
these lamps was provided by a storage battery 
placed under che S’s chair. To eliminate the 
visual field, it was simply necessary to turn off 
these lights. 

As in previous experiments, the S’s ability to 
establish the V (vertical) and the H (horizontal) 
was measured by the accuracy with which he ad- 
justed a rod to these positions.' In contrast 
with the earlier procedure, however, the S rather 
than the E moved the rod, because during rota- 
tion the E was outside the experimental room. 
The rod was 39 in. long by one in. wide, and was 
coated with luminous paint to permit adjust- 
mentin the dark. It was mounted at the middle 
of the front wall of the room, and pivoted at its 
center on a shaft that ran from directly in front 
of the S’s chair to the outside of the room, ‘The 
shaft was supported on a stand rising from the 
floor. By turning the shaft, which had a knob 
on the end nearest his chair, the S was able to 
move the rod clockwise or counterclockwise. 
Outside the experimental room, on the end of 
the shaft that protruded through the wall, a 
large pointer was mounted at right angles to the 
shaft. This pointer was aligned with the rod 
inside, and moved with the rod whenever the S 
turned the shaft. Pasted on the outer wall, 
against which the pointer moved, was a large 
protractor, which enabled the £ to determine the 
position of the pointer and therefore of the rod. 
Since the protractor and pointer were very large, 
the tilt of the pointer could be read off to the 
nearest degree, even while the room was in 
rapid motion. The £ stood at a set position in 
the outer laboratory, and took readings when the 
room reached a certain point on the track 

' As noted in a previous report (4), the rod- 
adjustment procedure is most useful in the study 
of one aspect of perception of the upright; 
namely, perception of the direction of a line 
under various conditions. The alternative 
procedure, of requriing the adjustment of the 
whole room or of the S’s body, was ruled out for 
the present experiments because of the extremely 
elaborate apparatus required. A later paper 
will report results of a study that measured the 
effects of rotation on perception of body position 
and position of the whole field 


With this apparatus, judgments of the up- 
right were obtained at two different speeds of 
rotation, so that the direction of the force on the 
S's body was varied. At each speed, also, tests 
were conducted both in light and in darkness. 
In light, with the visual field present, there were 
available as bases for orientation an upright 
visual vertical and a displaced force on the 
body. In darkness, with the visual field absent, 
there remained only the displaced force on the 


body. 
Ill. Exprriment | 
A. Procedure 


1. Experiment la 

The room moved around the circular track at 
a speed of 608 feet per min., or 67.7° per sec. 
resulting in an effective force displaced 20.5° from 
the gravitational vertical? Three types of tests 
were given to each of 39 Ss. 

Test 1.—In this test the lights were on during 
rotation, and at its conclusion the S was simply 
required to report what he had experienced while 
the room was in motion. The S was blind- 
folded when brought into the laboratory and 
seated in the experimental room. This pre- 
vented him from seeing the apparatus and the 
circular track and thus finding out in advance 
the nature of the motion to which he was to be 
submitted. After the S was seated, the door to 
the room was closed, and the blindfold was re- 
moved. ‘The headrest was then adjusted so as 
to prevent any head movement whatever. The 
S was told that the room would be set in motion, 
and that his task was to note everything that 
happened to himself and the room, so that he 
could give an account of it after the test was 
over. He was asked in particular to pay atten- 
tion to the appearance of the room and to his 
own bodily experiences. No indication was 
given of the kind of motion that might take 
place. After this, the & stepped out of the ex- 

* This angle is the angle @ in the following 
force diagram: 


It was computed by solving the formula 


tan @ = 


i where F = W = It was also 


gr 
checked empirically by suspending a plumb line 
on the front wall of the room and determining 
the angle at which it was displaced during rota- 
tion 
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TABLE I 


Summary or Conprrions Emptovep tn Experiment | 





| } ee 
Angle of Force | 
on Body 


Experiment No. S's Task 


Condition of Visual Field | 


Ia (low speed) 
Test 1 
Test 2 
Test 3 


Upright field present 
Upright field present 
No field 


Ib (high speed) | | 
Test 1 
Test 2 
Test 3 


Observation only 
Adjustment of rod 
Adjustment of rod 


Upright field present 
Upright field present 
No field 


Observation only 
Adjustment of rod 
Adjustment of rod 





perimental room in which the S was seated, and 
rotation was begun. The movement was 
stepped up gradually through the four speeds 
permitted by the control unit, until a uniform 
speed of 608 feet per minute was reached. The 
room was kept at this speed for two min. It 
was then slowed down through the same four 
speeds and finally brought to a standstill. The 
S was asked for a spontaneous account of his 
experiences; and if he failed to give a full report 
about the appearance of the room and his im- 
pressions of body position, he was questioned 
further, 

Test 2.——The S was now required, in addition 
to reporting again his experiences during rota- 
tion, to adjust the rod on the front wall to the 
V and the H. It was made clear at the outset 
that the rod was to be adjusted in relation to the 
outer building, rather than the experimental 
room. While the S watched, the rod was moved 
clockwise about 30° from the H position in 
which it had remained during Test 1. The S 
was told that later, at a signal from the FE, he was 
to move the rod counterclockwise until he was 
satisfied that it was H. On the next signal, he 
was to move it counterclockwise again until it 
was V, then clockwise to make it H, clockwise to 
make it V, counterclockwise to make it H, and 
finally counterclockwise again to make it V. 
Thus he would make six adjustments of the rod, 
three to the H and three to the V, with H and V 
judgments alternating. The £ left the room, 
which was then set in motion; and one min. 
after it had reached its maximum speed the E 
called out, “Begin,” indicating that the first 
adjustment of the rod was to be made. When 
the S had completed the adjustment, and a 
reading of the pointer had been taken, the E 
called out “Next,” indicating that the second 
adjustment of the rod was to be made. This 
continued until the six determinations had been 
made. The room was then stopped. The S 
was asked to give his spontaneous report, and 


afterwards was questioned—particularly about 
his method of deciding on the V and H positions. 
Test 3.—The procedure employed in Test 2 
was repeated here in every detail, except that 
the experimental room was in complete darkness 
so that the S could see only the luminous rod. 


2. Experiment Ib 


The three tests of Experiment la were given 
to another group of 32 Ss, with the room rotated 
at a higher speed. The rate of movement was 
increased to 809 feet per min., or 89.9° per sec. 
so that the effective force on the body now 
formed a 33.4° angle with the gravitational 
vertical. 

The conditions employed in Experiments la 
and Ib are summarized in Table I. 


B. Results 


1. Quantitative Results 


a. Mean errors in adjusting rod to 
V and H.—Table II shows the average 
of the mean errors made by all Ss in 
adjusting the rod to the V and H in 
each of the experimental conditions.* 
Distributions of individual scores for 
each condition are presented in Fig. 2. 

It may be seen from Table II that 
rotation of the body resulted in errors 
in judgment of the V and H under all 
conditions used: at low speed and at 


* In computing errors, the amount by which 
the S’s setting of the rod deviated from the true 
V or H was determined, without regard for the 
direction of the deviations. The direction of 
the errors in each of the conditions employed 
will be considered later. 
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high speed, with and witrout a visual 
field. Moreover, the mean _ errors 
were larger at the higher speed of 
rotation. The same 4difference for 
the two rates of speed . seen in the 
individual scores (Fig. 2). In the 
lights-on condition the distribution 
for the high speed (Fig. 2c) extends 
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farther in the direction of larger errors 
than the distribution for the low 
speed (Fig. 2a). A similar change in 
the distribution from the low speed 
(Fig. 2b) to the high speed (Fig. 2d) 
is found in the lights-off condition. 
Thus the experimental results demon- 
strate that the farther the effective 
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Distributions of scores for the experimental conditions used in Experiments Ia and Ib: 


Fig. 2a presents results for Test 2 of Experiment Ia (low speed, lights on); Fig. 2b for Test 3 of Experi- 
ment Ia (low speed, lights off); Fig. 2¢ for Test 2 of Experiment Ib (high speed, lights on); Fig. 2d for 


Test 3 of Experiment Ib (high speed, lights off). 


Ee Losi jossmibiiaed | a<iitied! 


N is 30 in Figs. 2a and 2b and 32 in Figs. 2¢ and 2d. 
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force on the body was shifted from the 
gravitational vertical the farther the 
perceived V and H deviated from the 
true V and H. 

Table II also shows that at both 
speeds the errors were considerably 
larger with lights off than with lights 
on. Again, the same difference is 
clearly indicated by the graphs for 
individual mean errors (Fig. 2); at 
both speeds the range for the lights-on 
condition is a very restricted one and 
the distribution is confined to the low- 
error end of the graph. Thus, it is 
indicated that changing the direction 
of the effective force on the body has 
a much less serious effect on perception 
of the V and H when an upright visual 
field is present. 

When the direction of errors is ex- 
amined, it is found that under all 
conditions the rod was most often 
tilted toward the center of rotation. 
This happened much more consist- 
ently when the visual field was absent 
than when it was present. Thus in 
Test 3 of Experiment Ia, with lights 
turned off, the rod was tilted toward 
the center of rotation in 93.8 percent 
of all settings, whereas in Test 2, with 
lights turned on, it was adjusted in 
this manner in only 67.2 percent of 
the settings. In the remaining set- 
tings of Test 2 the rod was brought to 


the true V and H in 17.0 percent of 
the adjustments, and tilted away from 
the center of rotation in 15.8 percent. 
The more uniform manner of adjust- 
ing the rod in Test 3 undoubtedly 
occurs because when the visual field is 
removed postural experiences provide 
the sole basis for judgment, so that the 
rod is always adjusted in accordance 
with these experiences. When a vis- 
ual field is present, as in Test 2, it 
provides an additional basis for judg- 
ment, with the result that adjustments 
of the rod are more variable. 

b. Individual differences in magni- 
tude of errors.—In each condition Ss 
differed from one another quite mark- 
edly in magnitude of errors made in 
adjusting the rod to the true V and H. 
The range of individual mean errors 
for each experimental condition may 
be seen in Fig. 2. For the lights-on 
tests the range of scores is from 0° to 
10° at the lower speed of rotation 
(Fig. 2a), and from 1° to 17° at the 
higher speed (Fig. 2b). The nearer 
the score is to zero, the more closely 
the settings coincide with the axes of 
the room. ‘Though the spread in each 
case is not very great, it does indicate 
various degrees of conformance with 
the upright of the visual field. For 
the lights-off tests the range of scores 
is from 3° to 32° at low speed (Fig. 
2c), and from 4° to 38° at high speed 
(Fig. 2d). Since in these tests judg- 
ments of the position of the rod could 
be based only on the perceived posi- 
tion of the body, these results suggest 
that the force acting on the body, 
though the same in all cases, must 
have produced an impression of 
greater body tilt in some Ss than in 
others. Additional evidence that Ss 
differed significantly from one another 
in their manner of perceiving room 
and body position will be presented 
subsequently. 
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2. Qualitative Results 


The quantitative results given thus 
far do not adequately represent cer- 
tain aspects of the S’s perception 
during displacement of the force acting 
on his body. There remain unan- 
swered such questions as the following: 
How did the objectively upright room 
actually appear during rotation? 
What was the experienced position of 
the body? What method did the S 
use in making his judgments of the 
Vand H? Toanswer these questions, 
some aspects of the Ss’ protocols will 
now be considered. This analysis is 
based primarily on the protocols for 
Experiment Ia, which are representa- 
tive. 


a. Effect of rotation on the perceived 
position of the visual field-—First to be 
considered is the appearance of the up- 
right room. In Test 1 of Experiment la, 
the following categories of reports were 
obtained. (1) Seven Ss reported that 
the room remained perfectly upright 
throughout the test. (2) One S re- 
ported that the room looked tilted at the 
outset, while it was accelerating, but was 
straight during the remainder of the test. 
(3) Eleven Ss reported that the room 
looked upright, but that because of the 
pressure they felt on their bodies they 
believed it was really tilted. (4) Ten 
Ss reported that the room appeared 
tilted. (5) One S failed to take note of 
the appearance of the room. Thus, for 
18 of the 30 Ss the altered force on their 
bodies did not affect the appearance of 
the upright room, but for 10 of the 30 it 
actually caused the room to appear 
tilted. 
regardless of how they perceived the 
room, perceived their bodies as tilted 
during rotation. 

b. Modes of orientation shown by dif- 
ferent Ss.—The direction of the force 
acting on the body during rotation was 
the same for all Ss, and all of them were 
placed in the same upright field. That 
under these identical conditions they 
chould have differed both in manner of 
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It should be added that all Ss,* 


perceiving the situation and in method of 
judging the upright, points to individual 
differences in the emphasis assigned to 
visual and postural experiences. The 
protocols seem to indicate three different 
modes of orientation. (1) To some Ss 
the room /ooked straight, and they there- 
fore judged it to be straight. The 
postural experience of tilt was discounted, 
perceptually as well as intellectually, 
whereas visual impressions seemed to 
play a very dominant role. The 7 Ss in 
the first category listed above were ot 
this kind. (2) Other Ss, although they 
also saw the room as straight, were led 
by the postural experience of tilt to 
judge it as really tilted. In these cases, 
postural sensations carried more weight 
in the final judgment, even though they 
did not affect perception directly. That 
the tile of the room was inferred from the 
tilt of the body, rather than being experi- 
enced directly, is specifically indicated 
by the statements of some of these Ss. 
One said, ‘““The room looked straight but 
I knew it was tilted for I slipped to one 
side.”” Another stated, “No, the room 
did not look tilted; I inferred the tilt 
from the fact that my body was dis- 
placed.” The 11 Ss in category 3 above 
performed in this fashion. (3) Finally, 
in some cases the laterally acting force 
not only caused the S’s body to feel tilted 
but even had the effect of making the 
upright room appear tilted. The to Ss 
in category 4 above showed this kind of 
orientation. The apparent tilt of the 
upright room is very real in such cases, 
nor it is affected by knowledge of its 
illusory character, or by experience. 
Postural sensations receive much more 
emphasis in this kind of orientation than 
in the two preceding kinds. At the same 
time, it is significant that even on these 
Ss the upright visual field exerted a very 
strong effect. Subsequently, in adjust- 
ing the rod to the V and H, these 10 Ss 
had a mean error of only 4.1°, indicating 
that their settings were made much more 
in accordance with the axes of the visual 
field than with the direction of the force 
acting on the body. Had they con- 
formed fully with the latter, their settings 
should have been off by 20.¢°, the amount 
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by which this force deviated from the 
true upright. 

c. Differences between Test 1 and Test 
2 in regard to apparent position of the 
field.—In Test 2, some of the Ss gave 
significantly changed accounts of the 
situation. Of the whole group, 7 Ss 
reported after this test that the room 
looked straight and was straight, 22 that 
the room looked tilted and was tilted, 
and 1 that it looked straight but was 
really tilted. In other words, all but one 
S gave a self-consistent account: the 
room looked straight and was straight, or 
looked tilted and was tilted. This is in 
contrast with the results for Test 1, where 
more than a third of the Ss made the 
inherently contradictory report that the 
room looked straight but actually was 
tilted. On the whole, there was a change 
from Test 1 to Test 2 in the direction of 
bringing all of the S’s experiences in the 
situation, and his evaluation of them, 
into a more consistent relationship. 

The occurrence of such a shift, in the 
absence of a change in the structure of 
the situation, is probably due to two 
factors. First, whereas in Test 1 the § 
was simply asked to observe what 
happened, in Test 2 he was required in 
addition to adjust the rod to the V and 
H. This task certainly forced him to 
make a more careful estimate of his own 
position and the position of the room. 
Second, the questioning of the S at the 
end of Test 1 encouraged more careful 
attention to the situation when it re- 
curred in Test 2. Both these features 
prompted a more analytical attitude in 
Test 2, making it less likely that visual 
impressions would be taken at face value 
or that a contradiction in experiences 
would go undetected.* 


* The finding that a more analytical approach 
caused some Ss to perceive the room as tilted, 
where previously they had perceived it as up- 
right, points to the role of cognitive factors in 
perception. At the same time, it is questionable 
whether a genuine shift in perception was in- 
volved in every case where a change in the ap- 
pearance of the room was reported. First, since 
room tilt, when noted at all, was most often very 
slight, it may simply have gone undetected under 
the ‘free observation’ conditions of Test 1. 
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d. Experiences during Test 7.—The Ss’ 
accounts of their experiences in Test 3, 
which was conducted in the dark, also 
contain several significant findings. 
Most of the Ss reported after Test 3 that 
both their bodies and the room had been 
more tilted than in Test 2, even though 
the room could not be seen in Tesi 3. 
Although its supposed greater tilt was 
inferred mainly from the feeling of body 
tilt, it was also based on the reported 
experience that the slope of the floor 
underfoot had increased. The force on 
the body was of course the same in both 
tests, and the floor remained level during 
both periods. Specifically, 20 of the 3o 
Ss reported an increased tilt of room and 
body in Test 3.5 Six others reported that 
the tilt seemed to be about the same in the 
the two tests, and three reported that it 
was less in Test 3. Each of these nine 
Ss, however, showed a yreater mean 
error in adjusting the red in Test 3, indi- 
cating that the experienced tilt for which 
he was compensating in his adjustments 
had increased. The single remaining S 
reported that although his body felt 
tilted in Test 3 the room seemed to be 
straight; but he too showed a consider- 
ably larger mean error in adjusting the 
rod than in Test 2, where he had also 
reported that the room was straight. 
The general experience of increased tilt 
upon removal of the visual field is in 
keeping with the quantitative results 
reported earlier (Table II). The average 
of the mean errors for all Ss in setting 
the rod to the V and H rose from 3.1° in 
Test 2 to 10.7° in Test 3. The finding 
that with the same force acting upon it 
the body feels less tilted with an upright 
field present than when the field is re- 
moved demonstrates again the impor- 
tance of visual determinants, in addition 
to postural ones, in the perception of 
body position. 

e. Accuracy of .perception of motion 


Second, although the Ss were asked about the 
appearance of the room, it is possible that in 
some cases their reports in Test 2 were based 
mainly on ‘intellectual computations,’ an ap- 
proach eneouraged in Test 2 for the reasons cited. 

§ Of these 20 Ss, six had reported the room to 
be straight in Test 2. 
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during rotation.—The Ss in the present 
experiment had no advance knowledge 
of the kind of motion to which they would 
be subjected; their instructions offered no 
information on this point, and they had 
no opportunity to see the apparatus. 
Further, being confined in the enclosed 
experimental room during rotation, they 
could not use the changing relation to 
objects on the outside as a basis for judg- 
ing the nature of the motion. Under 
these conditions, their perception of the 
specific character of the movement could 
be based only on experiences induced by 
the rotation itself. On the whole, Ss 
were able to establish that some form of 
rotary motion was taking place at least 
some of the time. Thus, in Experiment 
Ia, all but one of the 30 Ss reported rota- 
tion at some point during the three tests. 
On the other hand, the specific movement 
perceived very often failed to conform to 
the true movement—to the extent that 
if, in other circumstances (in an air- 
plane, for example), some action had 
been taken on the basis of the movement 
perceived the consequences would have 
been extremely serious. A number of 
Ss, after a uniform rate of rotation had 
been reached, no longer experienced 
circular motion but reported forward 
movement only. One S, in fact, re- 
ported forward movement throughout, 
failing to perceive any rotation at all. 
Some of the Ss who perceived rotary 
motion reported rotation on the axis of 
the body either throughout or during 
part of the time. Finally, a few Ss even 
reported sensations of climbing and de- 
scending; these were Coriolis reactions 
that occurred in spite of the use of the 
tight-fitting headrest. It is clear that, 
with only the experiences produced by 
rotation available, gross errors in per- 
ception of the motion often occurred. 
Of course, if an opportunity had been 
provided for reference to the outer 
stable field (for example, through a 


* The noise of the motor and the vibration of 
the room during rotation undoubtedly provided 
cues that some movement was taking place. 
They were general in character, however, and 
probably did not help in determining the 
specific nature of the motion. 


window in the experimental room), per- 
ception would have been entirely ac- 
curate at all times. 


IV. Experiment Il 


It has been shown that with the 
same force acting on their bodies and 
with the same visual field before them 
Ss differed in their perception of room 
position and body position, and con- 
sequently obtained different results in 
adjusting a rod tothe Vand H. This 
was established on the basis of a rela- 
tively small number of cases (30 in 
Experiment Ia and 32 in Experiment 
Ib). Toinvestigate further this prob- 
lem of individual differences, a modi- 
fied form of Test 2 of Experiment Ib 
was given to a larger group of 196 Ss. 
This test employed the higher speed of 
rotation, with lights turned on. For 
1} min. after the room had reached its 
maximum speed, the S was permitted 
to observe the situation. At the end 
of this period, he made settings of the 
rod, four V and four H, in alternating 
sequence. 

For the group as a whole the aver- 
age mean error in adjusting the rod 
was 7.4°. This is slightly higher than 
the average mean error of 6.3° for the 
30 Ss in Test 2 of Experiment Ib. 
Fig. 3 gives the distribution of scores 
for the 196 Ss of Experiment II. As 
in the graphs for Test 2 of Experiment 
Ia and Test 2 of Experiment Ib (Figs. 
2a and 2c), there is a striking concen- 
tration of scores at the lower end of 
the distribution. Fifty-five Ss ad- 
justed the rod to within an average of 
2° of the axes of the room; and 105, or 
more than half of the group, to within 
an average of 5°. Thus, despite the 
strong lateral force acting on the body, 
most Ss made rather small errors. 
At the same time, some Ss were 
affected to a considerably greater 
extent. Thus 25 Ss had errors of 15° 
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or more, and in three extreme cases 
the errors exceeded 30°. 

That the wide range of errors seen 
in Fig. 3 was related to differences in 
manner of perceiving the situation is 
indicated in the reports obtained from 
the Ss about how the room appeared 
to them during rotation. To 61 Ss, 
or 31.1 percent of the group, the room 
continued to appear fully upright 
throughout rotation. Seventeen of 
these simply reported that the room 
had actually stayed upright; the other 
44 stated that the room had appeared 
to them upright but that they believed 
it must have been tilted, because of 
the pressure they had felt. On the 
other hand, 135 Ss perceived the room 
as tilted; but most Ss brought the rod 
close to the axes of the upright room 
in making V and H settings, which 


Distribution of scores for Experiment II. 


N is 196. 


indicates that even when the room was 
seen as tilted the magnitude of the 
perceived tilt was usually quite small. 

To investigate the relation between 
judgments of the V and of the H, trials 
requiring V judgments were correlated 
with trials requiring H judgments, 
and r was found to have a value of 
+.87. This result indicates that the 
two main directions of space were 
judged on a common basis. This 
conclusion is supported by the addi- 
tional finding that the average mean - 
errors made in judging the V and in 
judging the H were almost identical 
(7.3° and 7.5°, respectively), and that 
the distributions of individual mean 
error scores for the two types of 
judgment are very similar. Further- 
more, since V judgments were made 
on even trials and H judgments on odd 
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trials, the correlation obtained is a 
measure of odd-even reliability, and its 
high value indicates that each person 
tended to make his judgments in a 
consistent fashion throughout the test. 


V. Experiment III 


Some of the Ss of Experiment la 
were also tested in the tilted-room situ- 
ation and the frame-and-rod situation 
employed in earlier studies (2, 6). 
In the first of these, the S, standing 
erect, looked through a tube which re- 
stricted his view to the interior of a 
tilted room. His task was to adjust 
a rod on the back wall of the room to 
the true V and H.’ In the second 
situation, the S looked at a luminous 
square frame in an otherwise dark- 
ened room. Within this frame was a 
luminous rod, which again had to be 
adjusted to the V and H. The S 
made his adjustments in one series of 
trials while he was erect and the frame 
was tilted to either side; in a second 
series, while he was tilted to one side 
and the frame tilted to the same side; 
and in a third series, while he was 
tilted to one side and the frame was 
tilted to the opposite side. Twenty- 
four of the 30 Ss of Experiment Ia 
were tested in the tilted-room situa- 
tion, and 28 in the frame-and-rod 
situation. Their scores for each of 
these two situations were correlated 
with their scores for Test 2 of Experi- 
ment Ia (in which the lights were 
turned on and the higher speed of 
rotation was used). The correlation 
between the rotating-room and the 
tilted-room scores was — .69, and that 
between the rotating-room and frame- 
and-rod scores —.43. A relation be- 
tween performance in the rotating 
room and performance in each of the 
other two situations is thus indicated. 

7 The test used here corresponded to Situation 


a of Experiment I described in the report on the 
tilted-room experiment (2). 


The probable nature of this relation 
becomes clearer when each of the 
situations is considered further. In 
the rotating-room situation the visual 
field remained upright, so that ‘going 
along with’ the field resulted in small 
errors. In the titlted-room and dark- 
room situations, however, the field 
was tilted, so that ‘going along with’ 
the field resulted in /arge errors. The 
finding of a negative correlation be- 
tween the rotating-room situation, 
on the one hand, and the tilted-room 
and frame-and-rod situations, on the 
other, indicates that ‘going along 
with the visual field’ is a common 
feature of performance in these three 
situations. There is thus some con- 
sistency in the way in which a given 
individual perceives the upright under 
different conditions—more _ specifi- 
cally, in the use made of the visual 
field as a basis for perception. This 
was also indicated in a previous 
study (4). 


VI. Discussion 


In this study the postural determi- 
nants of perception of the upright were 


radically altered by changing the 
direction of the force acting on the 
body. The results make possible a 
further evaluation of the role of visual 
and postural factors in perception of 
the upright. 

In such an evaluation, the results 
obtained with a visual field and with- 
out a visual field must be considered 
separately. It was found that in the 
absence of a field the alteration of the 
force acting on the body had a marked 
effect on perception of the upright. 
Not only did the S’s body feel tilted 
in every case, but also a visually pre- 
sented upright line appeared tilted, 
again in every case. Although the 
shift in the perceived upright did not 
correspond in magnitude to the change 
in the effective force on the body, it 
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was very considerable. The finding 
of such marked effects is not at all 
surprising, since when the visual 
field is removed postural factors alone 
form the basis for orientation, and 
changes in these factors must neces- 
sarily affect perception of the upright. 
This was also demonstrated in an 
earlier study (5) where it was found 
that in the absence of a field even 
slight changes in the position of the 
head or body caused an upright rod 
to appear tilted. 

When the same change in force on 
the body was made with an upright 
visual field present, the effects were 
not so marked. Again, in every case, 
the S’s body felt tilted; and in many 
cases the S also saw the field as tilted. 
It is of course very significant that for 
some people a change in postural ex- 
periences may have this kind of 
effect upon visual experiences, pro- 
ducing an impression that does not 
correspond to the objective situation. 
However, although some Ss’ percep- 
tion of the visual upright was thus 
affected, the magnitude of the effect 
was small, and with other Ss it did not 
occur at all. Also, a majority of Ss 
experienced less bady tilt when the 
visual field was present than they did 
when it was absent, indicating that 
visual impressions even diminished 
the experienced force on the body. 

The findings of this study may be 
compared with those of an earlier one 
(2) in which, similarly, judgments of 
the V and H were made under the 
influence of conflicting visual and 
gravitational standards. In _ that 
study, however, the visual field was 
tilted while the body remained up- 
right, so that the conflicting visual 
and postural factors were in the op- 
posite relationship to that used here. 
With the field tilted 22°, Ss erred by 
an average of 15.3° (in the direction 
of the tilt of the field) in setting a rod 
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to the V and H positions, thus placing 
it much closer to the tilted axes of the 
field than to the axes of the body. 
In Experiment Ia of the present study, 
where the disparity between the vis- 
ual and gravitational factors was al- 
most the same but in the opposite re- 
lation (visual field 0°, gravitational 
force displaced 20.5°), the rod was 
again placed much closer to the axes 
of the visual field (average mean error, 
3.3°). Together, then, the results of 
these two types of experiment demon- 
strate conclusively that perception of 
the direction of an external visual 
item is based primarily upon its rela- 
tion to the surrounding field, and only 
in a secondary way upon postural 
determinants. 

On the whole, the results obtained 
for judgments of the V and H during 
rotation leave no doubt that the per- 
ception of these directions is based in 
part upon the direction of the force 
acting on the body. At the same 
time the evidence is also clear in in- 
dicating that, when a visual field is 
present, the influence of this force in 
determining the perceived V and H is 
generally small. Thus, the judgment 
of the direction of an item within the 
visual field is based very much more 
on the observed axes of the field than 
on the force acting on the body. The 
indicated primacy of visual factors is 
in keeping with the results of previous 
studies (1,2, 4,6). It is especially 
impressive that this primacy should 
again be evident in the face of the 
very radical changes in postural 
factors introduced here. 

As mentioned earlier, Mach (3) 
reached a different conclusion on the 
basis of somewhat similar experiments. 
He found that during rotation the 
upright chamber in which he was en- 
closed appeared tilted. Since for him 
the perceived upright seemed to cor- 
respond in direction to the resultant 
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between the downward pull of grav- 
ity and the laterally-acting centrifugal 
force, he concluded that postural ex- 
periences play a primary role in per- 
ception of the upright. It is clear 
from the present study, however, that 
during rotation all people do not per- 
ceive the situation in the same man- 
ner as Mach. To some the field may 
appear upright; and among those who 
perceive it as tilted the magnitude of 
the tilt varies. Mach evidently based 
his generalizations upon too few 
cases, and this accounts for the dis- 
crepancy between his conclusions and 
those reached here concerning the 
relative importance of visual and 
postural factors in perception of the 
upright. In an earlier study (1), 
which was carried out to clarify the 
contradiction in results and conclu- 
sions previously reported for another 
experimental situation, the discrep- 
ancy was found to have a similar 
basis. There is thus repeated evi- 
dence of the need in perceptual studies 
for an adequate number of cases and 
for proper attention to individual 
performances, if valid generalizations 
are to be reached. 


VII. Summary 


As an extension of earlier studies in 
which the visual basis for perception 
of the upright was altered in basic 
fashion, the present study investi- 
gated the effect of a basic change in 
the postural determinants of the per- 
ceived upright. ‘To accomplish such 
a change in postural factors, the sub- 
ject was rotated about a circular 
path, so that the effective force acting 
on his body was shifted from the true 
upright, and now corresponded in 
direction to the resultant between the 
downward pull of gravity and the 
laterally-acting centrifugal force. 
During rotation the subject was 
seated in a fully enclosed room, and 
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his task was to adjust a rod on its 
front wall to the true vertical and 
horizontal. Tests were conducted at 
two speeds of rotation, and at each 
speed the subject was tested both with 
a visual field and without a visual 
field. A total of 258 subjects served 
in the various experiments reported 
here. , 

It was found, first of all, that when 
an upright visual field was present, a 
shift in the force acting on the body 
had a very small effect on the per- 
ceived upright. At the lower speed 
of rotation, with the force on the body 
shifted by 20.5°, the error in adjusting 
the rod to the vertical and horizontal 
was only 3.1° (that is, the rod was off 
by that amount from the axes of the 
field, or from the true vertical and 
horizontal). At the higher speed, 
with the force on the body shifted by 
33.4°, the error in adjusting the rod 
was only 6.3°. Thus, under condi- 
tions of conflict between visual and 
postural determinants of the per- 
ceived upright, the former proved 
more important. In the absence of a 
visual field, shifting the force on the 
body through rotation had a much 
greater effect on the perceived upright. 
At the lower speed, the mean error in 
adjusting the rod rose to 10.7°, and 
at the higher speed to 24.7°. Not 
only did removal of the field lead to 
larger errors in the setting of the rod, 
but in most cases it also caused the 
body itself to feel more tilted. 

Marked individual differences were 
found among subjects in manner of 
establishing the upright, during rota- 
tion, both with a visual field and in its 
absence. With a visual field present, 
for example, so that a conflict existed 
between the visually and posturally 
indicated uprights, some subjects 
perceived the field as fully erect, and 
simply aligned the rod with its main 
axes. For other subjects, the force 
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acting on the body had a much 
stronger effect, actually causing the 
objectively upright field itself to ap- 
pear tilted, and leading to adjust- 
ments of the rod which more nearly 
conformed with the direction of this 
force. The conclusion previously re- 


ported by Mach (3), that postural 
factors are primary in perception of 
the upright, which is in contradiction 
to the findings of the present study, 
seems to be based upon the fact that 
he generalized from results obtained 
with the latter type of subject alone. 


(Manuscript received February 12, 1949) 
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MOTOR RESPONSES TO AUDITORY STIMULI 
ABOVE AND BELOW THRESHOLD 


BY R. C. DAVIS 


Indiana U niversity 


Strong and moderate auditory stim- 
uli have been shown by electromy- 
ographic studies to produce muscular 
tension responses (2, 4,5) and the re- 
lation of these responses to certain 
stimulus and situation variables has 
been established. In these studies 
there was the suggestion that any 
sensory stimulation may produce a 
motor effect, having perhaps the same 
psychophysical relation to the stimu- 
lus as do the usual verbal reports. 

With this possibility in mind an im- 
portant question is how far down the 
scale of stimulus intensities we can 
find such muscular tension responses. 
The fact that some reflex pattern en- 
sues upon the delivery of very strong 
sounds is quite familiar (7,9). It is 


usually thought of as a primitive re- 


flex, or an example of patterned emo- 
tional responses. It may well be 
either or both of these but at the same 
time constitute the basis for voluntary 
activity and for auditory discrimina- 
tion. If it has any such broad sig- 
nificance, the response must of course 
be present as far down the stimulus 
scale as the absolute threshold. 
Hence in the present study there is an 
investigation of the muscular tension 
with stimuli near the absolute thresh- 
old, some above, and some below it. 

If responses can be demonstrated 
with stimuli in this range there is the 
further possibility of securing new 
information about the threshold. 
The usual psychophysical procedure 
depends, of course, upon frequency of 
report for a certain stimulus intensity. 
If S makes no report, or a negative 
report, for a particular stimulus, there 
is no means of deciding in a particular 
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case whether there is no stimulus 
effect or a sub-threshold effect. Even 
where S gives a positive report, the 
size of the effect can be inferred only 
indirectly from the frequency in a long 
series of observations (provided, fur- 
ther, that the frequency is less than 
100 percent). Measurement of a 
motor response to the stimulus would 
give the magnitude of the stimulus 
effect regardless of its frequency and 
permit the direct study of response 
magnitude in relation to stimulus or 
other variables. 

Such an experiment, even more than 
most action potential experiments, 
has to cope with the random fluctu- 
ation of readings at very low levels, 
fluctuations which may be as large as 
the phenomena under study. One 
source of random fluctuations, of 
course, is the noise level inherent in 
amplifiers. But this is not the most 
troublesome factor. When measure- 
merits are made over periods of yy 
sec. the noise level will be practically 
constant from one to another. It 
can be allowed for, or, with integrat- 
ing circuits (see below); offset, so that 
it produces fluctuations well under a 
microvolt in size. S, however, is not 
so dependable. In the normal resting 
state his muscles will generate poten- 
tials fluctuating several microvolts 
from one-tenth of a second to another. 
It is these fluctuations which confuse 
the record. 

Fortunately the effect of these 
fluctuations can be allowed for by 
statistical treatment. If a certain 
interval a, following a stimulus, is 
compared with a similar interval 3, 
preceding a stimulus, we should find, 
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if only random fluctuation is occurring, 
that the action potentials in a are 
greater than those in b 50 percent of 
the time and less so percent of the 
time. If, therefore, @ exceeds 6 in 
more than 50 percent of comparisons 
made, and by a significant margin, it 
would be a fair inference that a sys- 
tematic influence (evidently the stim- 
ulus) produced some effect. 

Likewise, if means are compared, a 
test of the differences between them 
can be made in the usual manner on 
the basis of the hypothesis that ran- 
dom fluctuation will account for it. 
With either of these techniques it 
would be possible to look for extremely 
small effects if the number of observa- 
tions is large enough to produce a cor- 
respondingly small error of estimate 
for the means. In broad outline such 


was the reasoning followed in this 
investigation. 


APPARATUS AND PROCEDURE 


Four independent systems for recording 
action potentials were used. Electrode loca- 
tions were chosen somewhat on the basis of the 
muscles that seem to be highly active in the 
Landis and Hunt figures of the startle response. 
The electrode systems were monopolar. The 
four active electrodes, 5-mm. disks, were placed 
on the R. extensor digitalis (RA), crest of the R. 
masseter (RM), crest of the L. masseter (LM), 
and on the R. sterno-cleido-mastoid (SCM), just 
below and behind the ear lobe. The reference 
electrode for the arm location was a 4-in. thick 
felt pad soaked in saline and placed on the upper 
arm. For the head locations the reference point 
was an ear clip electrode placed on the left ear 
lobe. Each amplifier fed into an integrator (3) 
which rectified and summed the potentials oc- 
curring over each 0.1-8sec. period. The outputs 
of these integrations, consisting of saw-tooth 
waves of varying heights, were fed into four 
oscilloscopes. To get the four traces (plus 
several signal lines) into 35-mm. moving film 
camera, a half-silvered mirror was set at 45° in 
front of the lens. ‘'wo oscilloscopes and one 
signal light were photographed through this 
mirror, The other two, with another signal 
light, were picked up by a front-silvered mirror 
and reflected into the half-silvered mirror so that 
their image was caught by the camera lens. The 
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camera drive was run for just a few seconds be- 
fore, during, and after the delivery of each 
stimulus. 

For delivering a sound stimulus to S it was 
necessary to use a device which would make S’s 
head position unimportant, as earphones would, 
but at the same time introduce no unshielded 
wiring into the S’s booth. The purpose was 
served by placing earphones in a box outside 
the booth, with the receiver of a stethoscope 
fixed near them. The stethoscope tube went 
into the booth, where the ear pieces were fitted 
into S’s ears. 

The sound stimulus was a 1000-cycle wave 
generated by a Hewlett-Packard oscillator. Its 
intensity was regulated by means of a General 
Radio Microvolter. The duration of each tone 
wastwosec. This interval was controlled by an 
electronic timer and checked by a stop clock. 
In order to make the beginning of the stimulus 
coincide with the beginning of an integrator 
cycle the discharge of the integrators was made 
to operate a relay, the secondary of which had to 
be closed for the electronic timer to be activated 
by a hand switch. Thus, if the hand switch 
were closed while the integrators were cumulat- 
ing, the stimulus would begin only with their 
next discharge. 

S was provided with a shielded key which he 
was instructed to press with the right forefinger 
at the conclusion of any tone he might hear 
His hand was to be kept in position on the key at 
all times. 

No warning signals were given to S, since 
conditioned sensory responses were not desired. 
He was merely instructed to lie on his back, 
relax as much as possible, and make the indi- 
cated response when he heard the tones which 
he was told would be weak and few. 

The S’s shielded booth was dark and pro- 
tected from extraneous noise by wall board on 
both sides of the studding. 

To follow the procedure of the earlier experi- 
ments, E delivered stimuli at approximately 
two-min. intervals after a 5—10-min. rest period. 
It was desired to administer stimuli near the 
threshold, but because of the possibility of adap- 
tation a preliminary search for the threshold 
could not be made. So E selected the first 
stimulus at about the usual threshold level and 
then chose stimulus intensities so that S signalled 
hearing about half of them. It was intended to 
present them in random order. The relative 
stimulus intensities were read from the micro- 
volter which controlled them. In general they 
ranged within less than 10 db above and below 
the threshold. A sample record is shown in 
Fig. 1. The records used were obtained from 
27 individuals. 
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Integrated action potentials from four locations. 


Read right to left. From top to 


bottom: 1st line—sterno-mastoid; 2nd line—right arm; 3d line—left masseter; 4th line—right 
masseter; sth line—stimulus duration. See text for description of intervals designated by letters. 


The procedure for measuring records was 
substantially the same as used in the earlier 
studies. They were enlarged by a projector 
which threw the images on to a microvolt scale, 
which was selected according to the calibration 
waves taken at the beginning and end of each 
sitting. A measurement was made of the largest 
Q.1-sec. output in the interval beginning .2 sec. 
after the stimulus onset and ending .3 sec. later 
(Period A—Fig. 1); that is to say, the largest of 
three deflections was measured. To compare 
with this a measurement was made of the largest 
of three deflections just before the stimulus onset 
(Period a—Fig. 1). The difference between 
these two—the post-onset minus pre-stimulus 
reading—is hereafter spoken of as the a-response. 
For what is called the b-response, the largest 
deflection lyirg between .9 and 1.8 seconds 
(Period B—Fig. 1) was measured, and compared 
with the largest from an equal interval just 
before the stimulus onset (Period b—Fig. 1). 
The post-onset minus the prestimulus value here 
is designated the b-response. Finally there is 


the ‘voluntary’ response that occurs after the ‘ 


end of the stimulus according to instructions 
when the sound has been heard. To study this 
and its possible analogue with unheard stimuli a 
third set of measurements representing the c-re- 
sponse was made. For this the largest of the 
nine deflections after the end of the stimulus 
(Period C-—-Fig. 1) was compared with the 
largest of the nine just before its beginning 
(Period C—Fig. 1). 

This procedure differs from that used in the 
earlier studies in having as a base of comparison 
in each case the largest deflection in a certain 
interval. (Formerly a particular specified de- 
flection before the stimulus onset was used.) 
The advantage of the new procedure is that the 
difference obtained with it should be zero except 
for chance fluctuations if there is no stimulus 
effect. In other words, a condition of no system- 
atic effect would now be represented by a mean 
of zero, where by the former method it would 
have resulted in an undetermined positive value. 
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The use of maxima in the first place makes 
the measurements sornewhat more complex. 
But in other types of record where the response 
is obvious, it is usually the maximum which is 
measured, and since responses cannot be relied 
on to occur always at exactly the same time, 
this kind of measurement is needed to get at 
their true magnitudes. 


REsuLtTs 


1. The presence of responses.—The 
first question to be answered by the 
data is whether stimuli of such low 
levels produce motor responses (of 
course the c-response in the right arm 
is obvious). Following the reasoning 
suggested in the statement of the prob- 
lem the percentage of individuals 
showing mean responses greater than 
zero was computed. Separate figures 
were secured for stimuli reported 
heard and not heard. These are 
shown in Table I. 

A null hypothesis would lead one to 
expect a percentage of $0 in each case, 
which would mean that the reading 
after the stimulus onset exceeded the 
one before it just half the time. Actu- 
ally none of the 24 percentages is as low 
as 50, and, as might be expected, 
figures for combined reading (from the 
various locations) tend to run higher. 
The significance of the departure from 
50 percent was computed by compar- 
ing it with the standard error of a 
50 percent expectation with the num- 
ber of cases concerned. As the num- 
ber of bold face entries in the table 


ene eet ee et ae 








[R. C. DAVIS 


TABLE I 


Percent or Inptvipvats wirn Mean Response GreaTER THAN ZERO 








| Right Arm 


Right Masseter 


Left Masseter Righs Stars All Locations 











Heard 
Not Heard 








Heard 
Not Heard 




















Heard 92 
Not heard 81 
N 26 








95 
73 
20 














Numbers in bold face differ from 50% at the 5% level of confidence or better. 


shows, most of the differences are 
significant at better than the five per- 
cent level. The null hypothesis can- 
not be maintained for this table. 
Muscular responses are produced by 
these weak stimuli. 

Figures for the unheard stimuli, 
though somewhat lower than the 
others, exceed 50 percent, often by 
significant amounts. This is rather 
surprising, and one must consider 
whether anticipation or temporal con- 
ditioning could account for it. On 
examining the facts, however, that 
seems impossible because: 


(1) As each response was measured 
by comparing a tension level with that 
in the second before stimulus onset, 
it would be necessary to suppose that 
S could estimate a two-min. interval 
with a one-sec. accuracy. 

(2) The interval between stimuli 
was two min. on the average, but 
varied up to 10 sec. longer or shorter. 

(3) For S the intervals between 
heard stimuli were, of course, not 
two min. but two, four, or six min. 


S could therefore hardly have known 
when the stimulus was coming by 
estimating the interval. 


It may also be considered whether, 
after about two min., Ss happened to 
have an increasing tension, so that any 
second would have a higher tension 
level than the preceding one. But if 
this were the explanation of the re- 
sults, there would be a sharp upward 
trend from the a- to the c-responses, 
since the a-, b-, and c-responses come 
in successive seconds. In fact the 
b-response then ought to be about 
double the a-, and the c-response triple 
the a-response. As shown in Table 
III nothing like this takes place for 
unheard stimuli. 

As for incidental sensory cues of the 
stimulus onset, there were none which 
were detected by two experimenters 
looking for them, or by several Ss who 
were asked about them. 

It seems therefore that the figures 
may be taken as showing that Ss do 
make muscular responses to subliminal 
stimuli. 
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2. Statistical preparation of data.— 
The understanding of these reactions 
would be increased a great deal with 
knowledge of their relationships. In 
the present data several of these can be 
studied: namely the effect of repeated 
stimulation, the effect of stimulus 
intensity, and the effect of pre-exist- 
ing tension state. 

When the magnitudes of the re- 
sponses are to be compared one needs 
to consider what kind of expression 
best represents the distributions and 
whether it permits the usual error 
evaluation. The raw figures, in 
microvolts increase, in the present 
data produce quite unsymmetrical 
distributions, congested at the lower 
end. ‘Two kinds of transformation 
were tried with them. In the first the 
microvolt increases were converted 
into percentages of the pre-stimulus 
value. In the second the logarithm 
of each reading was taken first; then 
the indicated subtraction made. 


Both these procedures result in dis- 
tributions of differences which are 


approximately symmetrical. To sim- 
ple inspection the second appears 
somewhat more so. Most of the 
calculations to be reported here were 
carried through on both bases, and it 
was found that both lead to the same 
conclusions. A partial calculation on 
raw figures also yielded the same re- 
sults. 

The percentage increase, however, 
has a certain logical justification. 
Two previous studies (2,4) have 
shown the dependence of increases on 
initial level, and would therefore sug- 
gest a ratio technique, which, further- 
more, may be easier to interpret. It 
is the ratio figures therefore, which are 
reported in the following. 

For evident reasons the whole col- 
lection of data is not symmetrically 
arranged for the analysis of any of 
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these effects. The procedure there- 
fore, was to discard data systemati- 
cally until a suitably balanced design 
was obtained. For the intensity vari- 
able it was desirable to measure the 
stimulus from points which were psy- 
chologically equivalent for all Ss. 
To do this, two figures were identified 
for each S; the db value of the weakest 
tone heard, and the other of the 
strongest tone not heard. Then each 
other stimulus intensity was expressed 
as a number of db above the first (if 
heard) or below the second (if not 
heard). Then it was found that 
fairly complete data lay in the region 
from 10 db below the one ‘threshold’ 
to 10 db above the other. Readings 
beyond these limits were therefore 
neglected in the study, and the 
stimuli within those limits were 
grouped in 5-db intervals. 

3. The effect of repeated evocation.— 
To study the effect of stimulus repeti- 
tion a special selection of data was 
made. Obviously the factor of stim- 
ulus intensity needs to be controlled. 
Ss were selected who received each 
intensity (as specified above) at least 
twice. The mean first response and 
the mean last response to it were com- 
pared. With the four stimulus values 
and the four body locations there data 
produce three tables (a-, b-, and c-re- 
sponses) with 32 cells, arranged in 
pairs, in each. (Because of their 


TABLE Il 


Comparison oF Response To First anp 
Last Stimutus Presentations 
(Figures in percent gain over 
pre-stimulus activity) 
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great similarity to later tables they 
are not reproduced in full.) The 
mean values are shown in Table II. 
All three responses show a notable 
increase. 

To help in making an estimate of 
the confidence level it may be re- 
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marked that of the 16 comparisons 
possible for each response, 12 were in 
the direction of an increase for the 
a-response, 15 for the b-response, and 
13 for the c-response. Further, the 
three tables were treated by analysis 
of variance (columns X rows taken 
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Fic. 2. The relation of the a-, b-, and c-responses to stimulus 
intensity, for unheard and heard stimuli 


as ‘error’).! These lead to the con- 
clusion that the difference between 
first and last presentations is signifi- 
cant at the one percent level for the 
a- and b-responses, and the five per- 
cent level for the c-responses. 


! For the c-response a special treatment was 
required because of the large right arm responses 
to heard stimuli are not homogeneous in vari- 
ance with the rest of the population. A table 
of gains from first to last presentations was con- 
structed, a table which is much more homogene- 
ous. This table was then analyzed as described 
above. 


It may be regarded as established, 
then, that the responses all increase 
with stimulus repetition under the 
present conditions. 

4. The effect of stimulus intensity.— 
For the study of this variable, a differ- 
ent, somewhat wider, selection of data 
was used. From the foregoing it is 
obviously necessary to control the 
serial effect in such an inquiry. It 
was found that for two of the ranges 
of stimulus intensity the mean serial 
position was 6.1; of the others one had 
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TABLE Ill 


Mean Responses to Strut oF 
Various Intensities 


(In percent of pre-stimulus activity) 
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Location see 




















21 44 
14 20 
20 44 29 
13 141 
17 59 




















an average position which was earlier, 


the other later. For these latter two, 
therefore, data were systematically 
discarded so that the mean position of 
the remaining evocations was also 6.1. 
This was accomplished by discarding 
in the one case readings taken from a 
particular stimulus intensity early in 
the sitting and in the other readings 
taken late in the sitting. Thus the 
means for the four intensity intervals 
represent the same mean serial posi- 
tions. The unit for statistical opera- 
tion was the mean response of an indi- 
vidual in a particular muscle group 
to a stimulus in a particular intensity 
range. 

In Table III the results are sum- 
marized. Here only the mean read- 
ing in each cell is given. In the full 
table there would be, of course, a 


listing of the readings from each of the 
26 Ss* in each cell. The graphical 
representation of these figures is given 
in Fig. 2. Here the response values 
are plotted against the mid-point of 
the stimulus intensity interval. For 
graphic purposes the convention was 
adopted of plotting the strongest un- 
heard stimulus as 4 db above the 
weakest heard. This is approxi- 
mately the relation of the means of 
the two. 

For a statistical test of the apparent 
trends and level differences, analyses 
of variance were performed for the 
three 16-cell tables. The total vari- 
ance was computed to include the 
variance between cells and the vari- 
ance within cells. The trends were 
evaluated then by comparing them 
with the intra-cell variance, which was 
taken as ‘error.’ (To be sure, this 
procedure leaves individual differ- 
ences and serial effects confounded 
with experimental error, but the re- 
sults seem precise enough anyway.) 

Using the analysis of variance to 
evaluate the trends appearing in Fig. 
1 leads to the following conclusions: 


a. Stimulus intensity, defined as 
above, is a significant variable for all 
three responses (one percent level of 
confidence). This effect might lie 
between the two halves of the table 
(heard vs. unheard stimuli), it might 
be within these subdivisions, or in 
both places. Where the facts are not 
obvious a f-test was used to examine 
these possibilities. 

b. In all three responses there is a 
significant difference between heard 
and unheard stimuli. For the b- and 
c-responses the differences in the 
expected direction; but for the a-re- 
sponse there is a curious inversion. 
For the c-response the difference is 


* One S was dropped from these computations. 
SCM cells have fewer cases (see N’s in Table I). 
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extremely large. Both the mean 
responses and the responses in particu- 
lar localities show a discontinuity of 
trend at the transition from unheard 
to heard stimuli. 

c. Within the category of heard 
stimuli there is in all three responses 
(and in almost all locations) an in- 
crease of response with stimulus in- 
tensity. The t-test does not show a 
significant change in the c-response, 
but because of the peculiarity of the 
distribution the test is probably not a 
sound one here. 


Considering all three responses to- 
gether there seems to be no consistent 
trend in the responses to unheard 
stimuli. An intensity difference of 
5 db evidently does not make a demon- 
strable difference. 

Summarizing 


the observations 


above, it may be said that responses 
show little change with stimulus in- 
tensity up to the thresliold; above it 
they increase rapidly, with the c-re- 


sponse showing evidence of discon- 
tinuity of function at the threshold. 

5. The response pattern—For all 
three responses the location of elec- 
trodes is a significant variable (one 
percent level). Since the values are 
in percentage of pre-stimulus tension 
it seems valid to interpret them as 
showing different levels of participa- 
tion of the several muscle groups. 
Throughout the response series there 
is a dominance of right over left, seen 
in the jaw muscle responses. (All 
Ss were right handed.) In the a-re- 
sponse the sterno-mastoid gives the 
largest responses. Thus, the right 
side of the head is responsible for the 
large part of the a-response. In the 
b- and c-response the picture is quite 
otherwise. The sterno-mastoid ele- 
ment remains unchanged but it in- 
creasingly outweighed by the other 
regions, particularly the right arm, 
which, indeed outweighs all the rest 
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in the c-response. There is, then, a 
shift in response from a head domin- 
ated pattern to an arm dominated 
somewhere between the a- and b-re- 
sponses, with the arm dominance be- 
coming still greater in the c-response. 

The interaction variance is signifi- 
cant for the b- and c-responses but 
not for the a-response. The meaning 
seems to be that for these later re- 
sponses stimulus intensity increase 
has a specially large effect on the right 
arm. 

6. The relation of tension to thresh- 
old.—In the foregoing analysis indi- 
vidual differences in threshold were 
kept out of consideration by the 
measure of stimulus intensity used. 
That measure was used, in fact, to 
accomplish that end, since it seemed 
there was a response—threshold rela- 
tion between Ss which would have 
confused the analysis of the intensity 
effect. The relations of the threshold 
now become the subject of investiga- 
tion, the method of correlation being 
used. Fora measure of an S’s tension 
level the a-base readings were selected, 
giving the tension level during the 
.4-sec. prior to each stimulus. A 
mean of these for each location was 
obtained for each S. ‘Then the read- 
ings for three locations (right arm and 
the two jaws) were combined. (The 
fourth was not included because 
figures were missing for a number of 
cases.) Considerations already men- 
tioned suggested the conversion of 
these means to log values. A rough 
measure of the individual’s threshold 
was secured by taking a mean of the 
two limits, i.e., the strongest stimulus 
not heard and the weakest heard. 
Between these two values there is an 
r of —.38 and a corrected ¢€ of .60. 
The regression line has a negative, 
apparently lessening slope. For V = 
26 the ¢ is significant at the five per- 
cent level and the ¢ practically at the 
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one percent. It may be said there- 
fore, that the individual’s threshold 
depends on the logarithm of his pre- 
stimulus tension. To explore this 
matter further a number of correla- 
tions were computed for the right arm 
tension, both pre-stimulus and during- 
stimulus, in relation to threshold. 
Since in some cases the stimulus would 
have a chance to affect tension level, 
readings for only one stimulus intens- 
ity level (0-5 db above lower limit) 
were used throughout. The r be- 
tween threshold and the log of pre- 
stimulus tension on their basis is —.39. 
There is an r or —.50 between thresh- 
old and log maximum tension level 
reached during the period of the 
b-response. The difference between 
these two values (the b-response in 
log form) has an r of —.40 with the 
threshold. These r’s are significantly 
different from zero (five percent level). 
The regression lines are linear so far 
as can be seen. The change in cor- 
relation from —.39 to —.50 is not 
significant of course, but the fact that 
the gains in tension show a significant 
r with threshold indicates that relation 
really is closer toward: the end of the 
stimulus period than before its begin- 
ning. In these correlations stimulus 
intensities were regarded as compar- 
able when they have the same relation 
to each S’s threshold. If they had 
been equated on a purely physical 
basis the correlation would clearly be 
larger, for at a particular level Ss with 
high threshold would have very much 
lower tension levels. In the case of 
the c-response a high tension level in 
the right arm (for a particular stimu- 
lus) will of course be closely related to 
threshold for threshold is determined 
from exactly that tension. 


Discussion 


For interpretation of the results 
there are three principles which bring 
about some unity. 
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1. The principle of motor response. 
—To auditory stimuli of whatever 
intensity, even below threshold for 
some distance, there are motor re- 
sponses. These responses begin 
about .1 sec. after the stimulus and 
continue through a subsequent volun- 
tary movement. While in this experi- 
ment S was always under instructions 
to execute a movement at the end of 
each audible stimulus it seems prob- 
able that responses during the stimu- 
lus would be present in any case. 
(With stronger stimuli they are pres- 
ent, and in remote locations, where 
they are little affected by instruc- 
tions.) 

These motor responses increase 
with some function of stimulus intens- 
ity. Within this experiment such was 
the case, as it was with a series of 
stimulus intensities in an earlier ex- 
periment with high level stimuli (2, 4). 
The study of Davis and Van Liere (5) 
provides information about still higher 
intensities. While it would be pre- 
mature to diagram the complete in- 
tensity relation, it may be pointed out 
that for the right arm the two points 
for responses just above the threshold 
and the three comparable points b-- 
tween 70 and 100 db approximate a 
linear relationship running from 7 per- 
cent to 185 percent for the a-response 
and 20 percent to 175 percent for the 
b-response. The response to the gun- 
shot, on the other hand is enormously 
larger for the a-response than would be 
expected from the other points (1300 
percent). For the b-response the 
mean for the response to the shot 
(400 percent) is not far from a linear 
extension from the lower points. 

It is interesting that the c-response 
to stimuli heard seems to vary with 
stimulus intensity, since this volun- 
tary response is, according to in- 
structions, initiated by the ending of 
the tone. Somewhere in the course 
of transmission to the muscles this 
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decrease of stimulation is converted 
to an increase in excitation, with some 
proportionality being maintained. 

, The presence of responses to stimuli 
below threshold has been inferred in a 
number of previous studies, summar- 
ized by Miller (8) in some detail. 
The general method has been to require 
S to guese some characteristic of a 
stimulus that he cannot report. For 
certain stimulus intensities below 
threshold the guesses are more suc- 
cessful than chance would allow. In- 
terpreting his own and other results, 
Miller concluded that there must be a 
physiological excitation some distance 
below the threshold of report. The 
muscular responses below the audi- 
tory ‘threshold’ in the present study 
seem to be that process, or a part of 
it. If guessing had been required 
after the stimulus, it seems possible 
they would determine a greater than 
chance success. 

The motor response is character- 
ized by a certain geographical con- 
figuration in which, so far as the ares 
sampling goes there are suggestions of 
cephalo-caudal and right-left gradi- 
ents, especially in the a-response. 
Both the size and the pattern of the 
responses are modified by prior con- 
ditions, such as instructions to make a 
subsequent movement of a certain 
sort. 

Practically, the motor responses 
furnish a means of studying directly 
effects of stimuli upon the individual. 
With their use, that is, it is not neces- 
sary to depend upon the attachment of 
a manifest verbal or conditioned 
motor response to a stimulus. Con- 
sequently terms such as magnitude 
of sensory effect assume a less remote 
meaning. If, as seems possible, this 
type of response is not restricted to 
stimuli of the one modality the method 
would be quite general. 

Theoretically, it seems as though 
the existence of such responses may 
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bridge a troublesome gap in psychol- 
ogy. Where a dual account, say of 
sensory and behavioral effects, or 
sensory and motor learning has been 
thought necessary, the muscular re- 
sponses might be the means of unifica- 
tion, as a basic common variable for 
both. 

Experimentally, of course, much re- 
mains to be discovered about the rela- 
tion of these responses to stimuli, to 
S’s reports, to other responses, and to 
the learning process by which these 
elements are connected. Some im- 
plications on these points from the 
présent study are discussed in the 
remaining proposals. 

2. The principle of forward dis- 
placement.—To understand the rela- 
tions between threshold and tension 
level, one may begin with the final 
response and work forward to the 
earlier events. It is the final ‘volun- 
tary’ response which is the criterion 
from which the threshold is deter- 
mined, and it will naturally be related 
to the threshold. So is the response 
size (and tension level) before the end 
of the stimulus. It may be said that 
some of the response called for has 
occurred before the designated signal. 
Still earlier in the sequence the pre- 
stimulus tension level shows a similar 
relation to threshold. On the same 
grounds therefore it may be said that 
part of the response has been moved 
even ahead of the tonal stimulus. In 
other words part of the response which 
defines hearing takes place prior to 
the stimulus. These relations for 
threshold are parallel to those found 
for reaction time by Davis (1) and 
Travis and Kennedy (8), and are of 
course the sort of thing covered in 
part by the term ‘set.’ 

It seems clear that the tension which 
has these relationships is a particular 
sort of response, not simply any and 
every muscular response that may be 
produced in the individual. The S 








118 


might for instance be engaged in a 
violent muscular response of some 
sort, and according to common ob- 
servation, fail to respond to an audi- 
tory signal. There are of course dif- 
ferent kinds of motor response—differ- 
ent in geographical pattern. It is 
suggested that similarity of geo- 
graphical pattern is what makes a 
tension state relevant to a particular 
response. According to the similarity 
or dissimilarity of the two, facilitation 
or inhibition may result. In the pres- 
ent case elements required in the final 
response have, as it were, been dis- 
placed forward, where they are evi- 
dently favorable to the development 
of the rest of the response. 

During the experimental session of 
the present investigation there is 
evidence of the development of for- 
ward displacement (series effect). 


Some conditions in this experiment 
favor the progressive enhancement of 
these antecedent responses, in con- 


trast to those of the several previous 
experiments where the trend was of 
adaptive character. Possibly the oc- 
currence of the instructed response is 
an important factor, but the matter 
needs further investigation. 

The forward displacement might be 
a gradual moving up of the large re- 
sponse which comes at the end of the 
stimulus, or it could be an enhance- 
ment of responses which would be 
present in any case. It may be sug- 
gested that elements of the voluntary 
response are present under any condi- 
tions. There is a certain amount of 
tension in the reacting mucle, regard- 
less of the experiment, and if the inter- 
pretation already given is correct, 
there is an increment in that tension 
when a stimulus is delivered. A 
situation stimulating enough to keep 
S awake and slightly tense, and an 
event like any auditory stimulus may 
evoke elements of a voluntary move- 
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ment, displace it so to speak, to an 
earlier time than the instructions 
designate for its occurrence. In this 
case the factors which cause this dis- 
placement are clearly the general in- 
structions to S and the delivery of a 
stimulus which has been associated 
with the reactions or reaction signal. 
What other stimuli will bring about 
the displacement and how they acquire 
such powers remain to be studied. 

The forward displacement here de- 
scribed sounds a great deal like some 
accounts of the conditioned response. 
What occurs here may indeed be a 
conditioned response in a very incom- 
plete form. 

3. The existence of a point of self- 
excitation for the individual.—At the 
time of the a-response there is a 
difference between the responses above 
and below threshold opposite to the 
expected direction. At the b-period 
the difference is positive. In the right 
arm particularly there is a greater 
surge of response for super-threshold 
stimuli. When we reach the period 
of the c-response this has become 
tremendous, for the right arm especi- 
ally. In other words the response is 
building up during the stimulus dura- 
tion. The end of the tone (with the 
instructions here used) produces a 
further increment in the activity of 
the system. Possibly the c-response 
even to stimuli unheard indicates this. 
When this new increase is superim- 
posed on an activity level already 
high the new activity level is greater 
than the sum of the two components. 
It seems that the level of excitation 
passes a critical value at a certain 
point. Thereupon it becomes un- 
stable, reaching a high peak of activ- 
ity in a few tenths of a second (the 
‘voluntary response’). 

A simple theory would suggest the 
activation of a second, high energy 
response system beyond the critical 
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point. But aside from a_ certain 
reluctance to allege a mechanism ad 
hoc somewhere in the uncharted 
cortex, there is a further deterrent to 
the simple theory: the rather slow de- 
velopment of the voluntary contrac- 
tion. This does not look like the dis- 
charge from a center whose threshold 
has suddenly been passed. 

An alternative theory would ex- 
plain the whole response curve by 
one mechanism. Suppose that some- 
where in the responding system there 
exists a pathway for positive feed- 
back. (Feed-back pathways seem to 
be the rule rather than the exception.) 
Suppose this feed-back becomes oper- 
ative at the critical value referred to. 
Then, like a public address system 
thrown into oscillation by a strong 
signal, the system would begin to 
build up its activity level with ac- 
celeration to a higher and higher value 
when it received the signal from the 
end of the tone. 


When the activity level is built up 
enough to move the reaction key, it 
would constitute the so-called volun- 


tary response. The closing of the key 
would be of course a further signal to 
S which would put an end to the build- 
ing up of excitation and permit a 
gradual decay. If the signal initi- 
ated by the end of the tone is larger 
(coming from end of a stronger tone), 
the initial excitation of the feed-back 
process would be greater; the level of 
activity would build up more rapidly. 
Reaction time would be shorter, and 
the peak of activity reached would be 
greater before the key closure reverses 
the process. 

Extending the theory to another 
situation it is easy to suppose that 
when S is required to guess at the 
close of the stimulus, as in the Miller 
experiment, the additional excitation 
coming from the signal to guess would 
also summate with the subliminal re- 
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sponse, so as to produce a ‘voluntary’ 
response which bears a relation to the 
sub-liminal stimulus. One determi- 
nant factor in producing a voluntary 
response is, of course, stimulus intens- 
ity. Another is the prior condition of 
the individual, for a higher level of 
previous excitation (of a certain sort, 
anyway) tends to produce the response 
with lower stimulus. There seem to 
be, then, at least two auditory thresh- 
olds. One, the minimum stimulus 
that will produce any effect at all on 
the organism, was not reached sys- 
tematically in the present experiment. 
The other, a threshold in the more 
usual sense, is the point at which a 
feed-back or similar mechanism comes 
into play. Stimuli between the two 
thresholds cannot elicit instructed 
motor responses. If the feed-back 
theory is correct the threshold for this 
must be reached before a voluntary 
response can be produced. An obvi- 
ous suggestion is that the feed-back 
threshold lies in the proprioceptors, 
but this is not the only possibility. 
According to the results of this ex- 
periment the auditory threshold, i.e., 
as determined by S'‘s voluntary re- 
sponse, is not a fixed value. It is 
possible, of course, that all other vari- 
ables could be kept at such favorable 
values that the limiting factor for 
hearing would be, say, the dimension 
of some part of the auditory receptor. 
But such conditons must be quite 
unusual. Even when circumstances 
are as favorable as in this experiment, 
S’s judgment cannot be taken as re- 
vealing a limiting characteristic of 
the ear, inasmuch as the ear must be 
operating to produce the sub-thresh- 
old muscular effects. The threshold 
which is ordinarily effective is evi- 
dently a more complex affair deter- 
mined in part by something which is 
represented in the muscular tension 
pattern. It is suggested that a num- 
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ber of changeable conditions in the 
individual combine to determine at 
any particular moment the point on 
the stimulus intensity scale which will 
initiate the feed-back and produce the 
overt motor response. 


SUMMARY 


The study aims to determine 
whether muscular responses similar to 
those produced by strong auditory 
stimuli also exist for stimuli at or near 
the threshold and, if such responses 
exist, to find some of their relations. 
Muscular action potentials were re- 
corded from four body locations for 
27 Ss while a series of near-threshold 
auditory stimuli was delivered. Ss 
were instructed to signal by key press- 
ing at the conclusion of each stimulus. 
The presence of responses was tested 
by statistical comparisons. Results 
were as follows: 


1. Muscular responses were found 
in the a-period (.2 to .5 sec. after 
stimulus onset), in the b-period (.9 
to 1.8 sec. after stimulus onset) and in 
the c-period (.9 sec. following the end 
of the stimulus). 


2. These responses are present 
whether the stimulus is reported 
heard or not. Responses to unheard 
stimuli are smaller than to those re- 
ported heard. For the right arm 
there seems to be a discontinuity of 
function between unheard and heard 
stimuli. 

3. There is an increase in response 
size with increase in stimulus intensity 
when the stimuli are heard. 
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4. Responses under the conditions 
of the present experiment increase 
with repetition of the stimulus. 

5. These are different geographical 
patterns for the several responses. 

6. The auditory sensitivity of indi- 
viduals is a function of the logarithm 
of their prior tension level. There is 
likewise a correlation between audi- 
tory sensitivity and size of the 
b-response. 


The results are interpreted by a 
scheme of three principles: the princi- 
ple of motor response, the principle of 
partial forward displacement, and the 
principle of self-excited system. 


(Manuscript received March 21, 1949) 
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A SEARCH FOR ‘SPINAL CONDITIONING’ AND FOR 
EVIDENCE THAT IT CAN BECOME A REFLEX 


BY TERESA PINTO! AND REG. B. BROMILEY 
Dept. of Physiology, School of Medicine, The Johns Hopkins University 


INTRODUCTION 


In 1940 Shurrager and Culler (12) 
reported that a phenomenon observed 
in the hindquarters of acute spinal 
dogs met the criteria of a conditioned 
response (CR). They stated that 
stimulation of the tail with an electric 
shock or a stiff brush could, by re- 
peated pairing with a shock to a hind- 
paw, be conditioned to elicit a slight 
twitch of the semi-tendinosus muscle 
(S-T M). The conditioned twitch 
could be experimentally extinguished 
and_ reconditioned. When  condi- 
tioned, the response was retained over 
periods of rest (maximum nine hr.). 
Numerous controls and checks were 
conducted. 


Since 1940 a number of other studies 
of this phenomenon have been re- 
ported by Shurrager and his associ- 


ates. Briefly the following observa- 
tions have been made. The CR is 
generally restricted to a very small 
group of muscle fibres, said to be one 
motor unit (15). To observe it, the 
muscle must be exposed and to record 
it with a lever-kymograph set up, it 
is often necessary to attach threads 
directly to the fascia overlying these 
fibres. The response has not been 
reported in other muscles. “The 
motor neurone synapse is the specific 
location of the spinal learning func- 
tion” (15, p. 352). Attempts to ob- 
tain CR’s in chronic spinal dogs have 
failed (11). In some unconditioned 
preparations the CS, shock to the tail, 
produces a twitch in one S-T M. If 


1Fellow of Fundacion Guillermo Puelma, 
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under these circumstances the op- 
posite S-T M is conditioned, the CR 
inhibits the inherent twitch (13). 
Conditioning was obtained in 98 out 
of 219 dogs trained (11,12), but in 
another article the statement appears 
that “Failure to demonstrate condi- 
tioning... is invariably accom- 
panied by hemorrahage under the 
dura with simultaneous complete or 
almost complete loss of the uncondi- 
tioned response” (14, p. 218). Sec- 
tion of the ventral roots innervating 
the opposite S-T M causes an estab- 
lished CR to become a spinal reflex 
(14), i.e., it is no longer possible to 
experimentally extinguish the CR and 
the conditioned twitch becomes a con- 
traction of the whole muscle. 

Since the first reports of the success- 
ful development of spinal CR’s, sev- 
eral workers have attempted to obtain 
them. The most extensive study was 
carried out by Ward (17). He stud- 
ied a chronic spinal monkey (tibialis 
anticus muscle dissected), one acute 
spinal dog (S-T M dissected), two 
acute spinal rats, 15 acute and 15 
chronic spinal frogs. The CS in the 
case of the frogs was applied to the 
‘rump.’ The intervals between CS 
and UCS varied from simultaneity to 
a period of five sec. Bromiley studied 
seven acute spinal decerebrate cats 
(S-T M dissected) using a stimulus 
pattern similar to that of Shurrager 
and Culler. In neither of these un- 
published studies could spinal CR’s be 
obtained. 

Kellogg ¢t al. have reported (1, 4, 
5, 6,7) an unsuccessful attempt to 
condition four chronic spinal dogs. 
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Deese and Kellogg (2) have conducted 
a further investigation? on two chronic 
spinal dogs. They conclude that all 
the phenomena of spinai CR’s can be 
obtained by varying the intensity of 
the CS. Since the experimental situ- 
ation of Shurrager and Culler was not 
reproduced in these studies, they do 
not reveal whether the phenomena of 
spinal conditioning, as reported, are 
as easily elicitable and as stable under 
the hands of other investigators as 
under those of the original investiga- 
tors. 

The ‘Conditioning Experiment’ was 
performed in an attempt to settle this 
point. The second experiment, here 
reported under the heading ‘Contral 
Experiment,’ was designed to ascer- 
tain whether or not the phenomenon 
described as “converting a spinal 
CR into a reflex” (14) requires condi- 
tioning or is a change in reflex status 
produced by the surgical manipula- 
tions. 


ConpiITIONING EXPERIMENT 


Experimental Procedures 


Twenty-seven dogs with the spinal cords 
transected between T1 and 8 were studied at 
postoperative times varying from three hr. to 
five days (Table I). 

The conditioning procedure was basically that 
of Shurrager and Culler (12). The CS was three 
electric shocks applied, at one-sec. intervals, to 
the most distal one to three in. of the tail. They 
were of sufficient intensity to produce a reflex 
movement of the tail. The UCS was an electric 
shock applied to the paw of the left hindleg. It 
coincided with the last shock to the tail. A 
timer driven by a synchronous motor controlled 
the stimuli. Intervals between groups of stimuli 
were approximately 30 sec. The animals were 
‘trained’ in a supine position, generally with head 
and forelegs turned to the left. One of the Es 
sat at the animal's side to restrain the foreparts 
of the dog and to pet it so as to reduce restless- 
ness and struggling. Responses were recorded 
with a lever-kymograph set up, the lever being 


* Due to the kindness of Dr. Deese a copy of 
this manuscript has been made available to the 
authors. 
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attached to the tendons and to several threads 
through the fascia of the distal portion of the 
muscle. Generally the first seven to ten pres- 
entations of the CS alone and the first 50 trials 
of CS plus UCS were recorded. If at this point 
no signs of conditioning had been obtained, the 
kymograph was stopped and the S-T M observed 
periodically. If at any time the activity of the 
S-T M appeared to coincide with presentation of 
the CS recording was resumed. Only at such 
times were records taken in the case of the last 
seven dogs. Experimental extinction was car- 
ried out by giving the three shocks to tail without 
the UCS. The original investigators gave only 
two shocks to the tail, dropping the one which 
during training coincided with the UCS. In 
this work the criterion of conditioning was at 
least one CR in each of 10 consecutive groups of 
stimuli, that of EE was failure to respond in any 
of 10 consecutive groups of stimuli. These are 
less stringent criteria than those of the original 
E's. 
Semi-chronic preparations.—For convenience 
dogs No. 1 to 10 in which the spinal cord tran- 
sections were performed under pentobarbital 
sodium anaesthesia (40 mgm./kg.) and which 
were studied not earlier than the 25th postopera- 
tive hour are placed in this category. Dogs No. 
I to 4 were prepared without aseptic precautions 
but daily doses of penicillin (10,000 units/kg.) 
were given to hold possible infections in check. 
In the case of dogs No. 5 to 10 the cord tran- 
sections were carried out with full aseptic pre- 
cautions. 

The details in which the procedure used in 
preparing and studying these animals differs 
from that described by Shurrager and Culler are 
as follows: 


1. In the original experiments the operations 
were performed under ether. 

2. In the previous work the dura mater was 
ligated; here it was not. 

3. Shurrager and Culler commenced condi- 
tioning at an earlier period postoperatively, so 
obviating the necessity of protecting against 
infection. 

4. The CS and UCS were taken from the 
secondary coils of Harvard inductoria. Shur- 
rager and Culler used A.C. shocks, brief D.C. 
impulses or pressure of a stiff bristled brush. 

5. The hindlegs were not fixed by means of a 
drill through the femurs as in the original experi- 


* The dogs reported here have been assigned 
consecutive numbers. These numbers do indi- 
cate sequence in which the experiments were 
performed but a number of dogs, which were 
rejected because of apparatus or surgical difficul- 
ties, have been omitted. 





SEARCH FOR SPINAL CONDITIONING 


123 


TABLE I 
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Semi-Chronic 


Acute 





z 
? 





OO ON Owe YB 














SESESESSSSESESESS IE 














ments but by adhesive tape, care being taken not 
to occlude the circulation. 

6. While Shurrager and Culler dissected both 
S-T M free except for their blood and nerve 
supply, here only the S-T M studied was exposed 
and it was dissected for one-half to two-thirds of 
its length. 

7. The duration of the UCS and of each shock 
to the tail was approximately 40 msec. The 
original workers used a CS obtained by the flick 
of a pushbutton, which produced an undeter- 
mined number of stimuli of 8.33 msec. 

8. When needed to decrease spontaneous 
activity, procaine (5% HCl) was infiltrated 
around the cut edges of the skin of the leg. 


Acute preperations.—Animals No. 11 to 27 
were prepared and studied by procedures more 
similar to those described by Shurrager and Cul- 
ler than were the semi-chronic preparations. 
The following details were observed. 


1. Dogs were judged to be over nine months 
and under four years of age (whatever value the 
authors’ judgment on this point may be). 

2. Operations were performed under ether 
anaesthesia. The dura mater was ligated twice 
and the cord transected between the ligatures. 

3. The S-T M was dissected free, except for 
its blood and nerve supply and its origin. The 
bone of the ischium with the attached origin was 
sawed and chiseled free, and fastened by a 
thread to a pin in the baseboard of the apparatus. 


In six dogs (Nos. 22 to 27) both S-T M's were 
dissected.‘ 

4. The femurs were fixed by drills. 

5. Conditioning commenced during the third 
to ninth postoperative hour and was preceeded 
by 30 or more presentations of the CS alone. 

6. The CS and UCS were 60 cycle A.C. cur- 
rent. 

7. No attempt was made to control spontane- 
ous activity by infiltration of procaine. 


The following are the points in which the pro- 
cedures of this part of the present experiment 
differed from those described by Shurrager and 
Culler. 


1. In dogs No. 11 to 27 only one S-T M was 
dissected. 


2. No tracheal cannula was used. 

3. The duration of the UCS and of each shock 
to the tail was approximately 40 msec. 

4. Each femur was fixed by a separate drill. 
The original investigators used one drill through 
both femurs. 

5. The criteria of conditioning and EE were 
less rigorous than those of the original workers. 

6. Trials in extinction consisted of groups of 
three shocks to the tail instead of two. 


Doubtless the two procedures varied in other 
details but these are the only points of difference 


* Other minor variations in the procedures by 


which these six dogs (Nos. 22-27) were studied 
are mentioned in the results. 
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that can be determined from the apparently very 
adequate description published. 

The possibility that animals which failed to 
show conditioning might be suffering from the 
effects of subdural hemorrhage was checked in 
two ways. First, in none of these animals was 
there “complete or nearly complete” loss of the 
unconditioned response (UCR). Second, dogs 
No. 12, 13, 17, 18, and 20 were terminally in- 
jected, through the descending aorta, with 10% 
formalin and the cord was carefully dissected. 
No sign of extravascular blood extending more 
than two segments below the transection was 
found in the subdural space. 


Results 


Semi-chronic preparations.—With 
the possible exception of dog No. 2, 
dogs No. 1 to to failed to display any 
behavior that could be classified as 
conditioning. By the s9th trial dog 
No. 2 was responding clearly to the 
CS with S-T M twitch. With no 


interval of rest, 98 trials of CS alone 
were then given, at the end of which 
the CR was infrequent and small but 
not totally absent. 


The CS and UCS 
were now presented together for 133 
trials, but the CR gradually became 
smaller and finally disappeared. 

One factor which was not con- 
trolled in the training of dog No. 2 
was easily demonstrated to be impor- 
tant. If the foreparts of a dog were 
turned over from one shoulder onto 
the other, there might be a marked 
shift in threshold of reflex twitch of 
the S-T' M to stimulation of the tail. 
This appeared to be due to the changes 
in relation of adduction and abduction 
and flexion and extension in the hind- 
legs. Thus, in dog No. § after 126 
trials with no S-T M response to the 
CS, the foreparts of the animal were 
changed from right to left side and a 
non-extinguishable response to the CS 
appeared. It should be mentioned 
that this phenomenon is possibly due 
to the use of adhesive tape instead 
of drills to fix the hindlegs. 

Dog No. 5 developed a respiratory 
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conditioned response in its foreparts, 
i.e., above the transection. The CS 
was the sound of the relays controlling 
the stimuli. The UCS was presum- 
ably a jerk transmitted passively 
through the tissues to the fore end of 
the animal. The jerk resulted from 
the contraction of the shocked leg. 
This response was soon experiment- 
ally extinguished by switching the 
dog out of the circuits and activating 
the relays. 

Three dogs (No. 3, 4, and 7) gave 
occasional S-T M twitches synchron- 
ized with the application of the CS. 
This phenomenon appeared in some 
of the acute preparations (see below). 

Acute preparations (Dogs 11 to 21). 
—One dog (No. 16) displayed be- 
havior which appeared to be spinal 
conditioning. Training (87 trials) 
produced a S-T M twitch which was 
maintained over a period of rest (30 
min.). It was experimentally ex- 
tinguished (88 trials) and was still ex- 
tinguished after 20 min. of rest. The 
response was reestablished in 10 
trials.§ Again it persisted over a 
period of rest, and again was extin- 
guished and reestablished. 

Another change of reflex status ap- 
peared in dog No. 15. After 200 
trials with no signs of conditioning 
the threshold of the inherent twitch 
of the S-T M to the CS had changed 
from its pretraining level of more than 
7.0 volts to 4.5 volts. On continued 
testing with the CS alone, it was found 
that the strength of the shock to the 
tail which would produce a response 
was now 2.3 volts. The original CS 
strength had been 3.0 volts. Fifty- 
nine trials of CS plus UCS were given 
in which the intensity of the former 
was varied in order to see if the size of 

* On going over the data some days after this 
experiment it was found that on this first recon- 
ditioning test the criterion of CR had not been 


obtained but that on the next reconditioning it 
was. 
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the response was independent of the 
intensity of the CS. A difference of 
0.6 volts produced a recordable differ- 
ence in size of CR. The response 
could not be experimentally extin- 
guished in 210 trials. These results 
are probably due to changes in skin 
resistance, which in all subsequent 
experiments was measured. 

Dogs No. 17, 18, and 19 gave oc- 
casional twitches of the S-T M to the 
CS, similar to those observed in Dogs 
No. 3, 4, and 7. These twitches were 
infrequent and may have been spon- 
taneous activity. That at least some 
of them were not CR’s is demonstrated 
by the observation that one appeared 
in dog No. 19 on the first conditioning 
trial, i.e., after 30 presentations of 
the CS alone and before the UCS had 
ever been applied. Dogs No. 24 and 
27 also showed scattered responses. 

Acute preparations (Dogs No. 22 to 
27).—Five of the dogs with both 
S-T M’s dissected were first given 100 
trials and then, as no conditioning had 
developed, were subjected to addi- 
tional lesions in the skin of the tail 
and hindlegs. This was done in the 
hope that it might raise the excitabil- 
ity level of the isolated segment of 
spinal cord. 

In 45 trials after the second surgical 
mutilation dog No. 25 developed a 
CR, but it was accompanied by a drop 
in skin resistance from 2000 ohms to 
1000 ohms. In order to ascertain 
whether this was a CR or an inherent 
twitch a rest period of 15 min. was 
given. On testing with the CS alone 
the CR was not elicited on the first 
10 trials, but it appeared three times 
in the next 10. Thirty more pres- 
entations of the CS were given but no 
CR’s appeared. After 10 min. rest 
the CS and UCS were again presented. 
In 100 trials a CR was developed 
which persisted over a periof of 10 
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min. rest. In 100 trials of extinction 
the CR’s gradually decreased in size 
and at times they were absent, but 
never for to trials, i.e., five min. 
The longest period of absence was 
four trials (two min.). At this time 
it was noted that when the foreparts 
of the dog were even slightly active 
the response reappeared. Had the 
dog remained quite for five min. the 
criterion of extinction would no doubt 
have been attained. 

In dog No. 27 in which the extra 
mutilations were carried out before 
training it was clear that the appear- 
ance or absence of a CR depended so 
much on the activity or lack of activ- 
ity of the fore end of the dog that it 
would be impossible to demonstrate 
conditioning in such a preparation 
without immobilizing its foreparts. 


Controt Experiment 


In the introduction it was stated 
that the purpose of this experiment 
was “to ascertain whether the phe- 
nomenon described as ‘converting a 
spinal CR into a reflex’ requires condi- 
tioning or is an inherent reflex revealed 
by the surgical manipulations.” 

The need for such a test arose be- 
cause Shurrager and Shurrager (14) 
reported that following section of 
contralateral ventral roots (Ls, Lé, 
L7, and S1) a spinal CR (S-T M 
twitch) became a contraction of the 
whole muscle and could no longer be 
experimentally extinguished. They 
did not, however, section these roots 
before conditioning to ascertain 
whether such an operation lowers the 
threshold of S-T M contraction to 
stimulations of the tail. Instead they 
argue (14, p. 221) that such a control 
is not necessary, as the size of the 
“converted CR” shows no variation 
with changes in intensity of the CS 
nor does it show summation. 
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Experimental Procedure 


Under ether anaesthesia five dogs were pre- 
pared with spinal cord transections between 
Ts-T8. The cord was doubly ligated and the 
transection made between the ligatures. The 
bone was removed over Ls, L6, L7, and S1. In 
some cases to facilitate later identification, cot- 
ton ligatures were placed around the ventral and 
dorsal roots. The left S-T M was exposed. 
Between the fourth and eighth postoperative 
hours the threshold of reflex twitch of the S-T M 
to shock applied to the tail was determined. 
The stimuli were controlled with the relay and 
timing mechanism used in the previous experi- 
ment. Thus, three A.C. shocks were given at 
one-sec. intervals. The contralateral ventral 
and dorsal roots were then sectioned and the 
threshold again determined. During the testing 
the animal was on its left side with the left hind- 
leg extended and the right flexed and abducted. 
To section the roots it was necessary to unfasten 
the right hindleg. The effect upon the threshold 
of this procedure and of the additional manipula- 
tion of the cord was inadvertently controlled in 
two animals in which no identification ligatures 
were used. Manipulation of the cord in both 
these animals resulted in such hemorrhage that 
the sectioning had to be performed blindly. In 
one of these (Dog No. 2) the first attempt to 
section the roots apparently failed, as the retest 
showed no change in threshold. The second 
attempt was presumably successful, since the 
threshold changed. Post-mortem examination 
revealed that the roots had been sectioned. In 
the other dog although two attempts were made, 
the post-mortem examination showed the ventral 
roots to be intact. The threshold did not 
change. 


Results 


Table II shows the values of the 
threshold of reflex twitch of the left 
S-T M to tail stimulation and the 
values of the skin resistance of the 
tail obtained before and after section 
of right ventral and dorsal roots of 
Ls, L6, L7, and S1. These figures 
demonstrate that in acute spinal 
dogs section of both ventral and dorsal 
roots may produce a marked drop in 
the threshold of response of the contra- 
lateral S-T M to the electrical stimu- 
lation of the tail. 

After root section the contraction of 
the S-T M involved much more of the 
muscle than had respondedjat the 
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TABLE II 
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* Root section not checked post-mortem 
** 92+: No response at 92.0 volts 


pre-section threshold. The size of 
this response varied with the intensity 
of the stimulus. No attempt was 
made to demonstrate summation. 
However, it was noted that a few 
groups of three stimuli given at inter- 
vals of 10 sec. or less soon eliminated 
the response which recovered after 
30 sec. or more of rest. 


Discussion 


The results of this attempt to ob- 
tain spinal conditioning were very 
unsatisfactory. Of the first 21 dogs 
studied only Nos. 2 and 16 showed be- 
havior that could possibly be inter- 
preted as the phenomenon described 
by Shurrager and Culler. In the 
case of dog No. 2 the response was 
not totally eradicated by extinction 
but finally dropped out while both the 
CS and UCS were being applied. 
This would seem to eliminate it as an 
example of spinal conditioning. The 
behavior of dog No. 16 met the cri- 
teria of establishment of a CR, per- 
sistence over a period of rest and ex- 
tinction. Of the remaining six dogs 
(Nos. 22-27) No. 25 displayed be- 
havior which appeared to be a CR but 
which is explainable on other grounds. 
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The behavior of dog No. 16 may be a 
similar artifact. 

To us it appears possible to explain 
all the phenomena herein reported 
upon the basis of the following con- 
siderations: 


1. The level of excitability of the 
isolated segment of the spinal cord is 
determined by a number of influences. 
One of these, and perhaps the major 
one, is the number of afferent im- 
pulses entering it. The extensive 
surgical damage involved in dissecting 
both S-T M’s is a source of such im- 
pulses. The fact that some animals 
display behavior similar to condition- 
ing while others do not may be totally 
a function of the degree of peripheral 
damage. In this connection it is 
interesting that the tail of dog No. 16 
had been badly traumatized before 
he entered the laboratory. The last 
six in. of his tail was without skin 
and the exposed tissues were infected. 

2. The effects of a CS of a fixed 
intensity are presumably constant, 
but they are so only if skin resistance 
changes are compensated. 

3. The UCS evokes a contraction 
of the stimulated leg and a response 
in the opposite leg. Undoubtedly 
these movements produce a secondary 
burst of afferent impulses due to the 
straining of the legs against the fixing 
drills and the deformation of the 
tissues exposed and damaged by the 
dissection of the S-T M’s. 

Some such effect can be demon- 
strated. If, when a response to the 
CS appears, due to turning the animal 
over or to a change in skin resistance, 
a series of CS are given at four-sec. 
intervals, the response decreases in 
magnitude and frequency; a rest 
period produces recovery. In some 
animals, on the other hand, while CS 
plus UCS at 30-sec. intervals produces 
no response, if given at four-sec. 
intervals there is a marked increase in 
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spontaneous activity and the S-T M 
responds to each CS. Another phe- 
nomenon which it seems best to inter- 
pret as this type of response to the 
UCR is that the magnitude and fre- 
quency of the spontaneous activity is 
often markedly greater immediately 
after the UCR, a situation which we 
have not noted when the CS has been 
presented alone. 

4. To what degree the stretch re- 
ceptors are active is unknown. Those 
in the S-T M of the non-stimulated 
leg may be relatively adapted while 
those in the opposite S-T M will be 
active on each contraction and relax- 
ation of the stimulated leg. The 
fairly frequent appearance of a second 
contraction of the S-T M following 
a UCR may be due to the stimulation 
of these receptors by the momentum 
of the dropping lever. 

5. Movements of the foreparts of 
the dog cause marked changes in the 
excitability level of the isolated cord. 
These result, presumably, from 
changes in the pattern of tension upon 
the fixing drills. The effect of activ- 
ity in the foreparts of the dog can be 
seen in many ways. Struggling or 
sudden movements will at times evoke 
a large contraction of the S-T M. 
Frequently after such movements it 
is possible to obtain a large response 
to the CS which cannot be evoked if 
the animal is quiet. They are often 
accompanied by increased spontane- 
ous activity of the S-T M which as a 
rule starts as a contraction almost as 
large as the UCR. 

6. It is evident from the develop- 
ment of a respiratory CR in dog No. 5 
that the foreparts of the dog can be 
affected by the conditioning situation. 
Presumably the jerk of the UCR may 
be transmitted mechanically through 
the tissues to the parts innervated 
from above the transection. When 
present, a respiratory CR might 
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readily produce a response in the S-T 
M by varying the tensions on the 
fixing drills or by a general increase in 
restlessness. 

7. The changes in threshold ob- 
served in the semi-chronic prepara- 
tions upon being turned from one 
shoulder to the other probably mean 
that the threshold of reflex twitch of 
the S-T M is dependent upon the 
positions of the hindlegs. 


Assuming the above analysis to be 
correct, the secondary effects of the 
UCS (pull on the fixing drills, de- 
formation of the exposed tissues, 
stretch receptor activity and possible 
disturbing effects upon the dog), if 
cumulative, will explain apparent con- 
ditioning, and their absence, extinc- 
tion. Persistence of a response over 
a period of rest will depend upon the 
activity of the dog. Whether either 
or both S-T M’s respond will in part 
be a function of the relative position 
of the hindlegs, the degree of strecth 
receptor activity in the S-T M’s and 
the difference in number of nocicep- 
tive stimuli arising in the two legs. 
Whether or not a response produced 
by such factors can rightly be termed 
a CR is a matter that the authors are 
unwilling to argue. 

It is not uncommon in studying the 
reflex status of a spinal animal to find 
marked changes, permanent or transi- 
tory, in the threshold of even such a 
response as the crossed extension re- 
flex. This instability, taken in con- 
junction with the considerations out- 
lined above, with variations in the 
degree of spinal shock, in the condi- 
tion of the exposed S-T M’s, in skin 
resistance, and in other unknown 
factors, might on the basis of chance 
explain such a result as apparent 
conditioning in one out of 27 animals. 

If it should be claimed that regard- 
less of the above considerations dog 
No. 16 did display spinal conditioning, 


TERESA PINTO AND REG. B. BROMILEY 


we cannot declare it such, since the 
impracticality of carrying out control 
experiments upon behavior which 
may appear once in 27 preparations 
places this phenomenon beyond our 
experimental reach. 

It can be stated, however, that any 
demonstration of spinal conditioning 
that fails to control the movements of 
the foreparts of the dog is inadequate. 
Since in the experimental situation 
this activity has such a marked in- 
fluence upon the threshold of the S-T 
M twitch it is strange that Shurrager 
et al. in reporting on over 219 prepara- 
tions do not mention the problem. 
If no attention was paid to the fore- 
parts of the dogs some of them may 
have developed respiratory CR’s. 
The presence of such a CR is not 
obvious. 


The numerous hypotheses and con- 
jectures in which the authors have in- 
dulged cannot explain many of the find- 
ings reported by Shurrager ef a/. Lack 
of variation of the CR with variations in 
the intensity of the CS is one. On the 
basis of our analysis the size of the S-T M 
twitch should vary with changes in the 
intensity of the shock to the tail. How 
large a change in intensity of shock 
would be required to produce a change in 
response recordable in a lever-kymo- 
graph situation is unknown. No values 
are given by the original investigators as 
to the intensity of CS at the threshold 
for reflex S-T M twitch and of the range 
of intensities over which no variation of 
magnitude of CR was obtained. 

The above analysis predicts that con- 
tinued presentation of the UCS alone or 
followed by the CS should produce a 
change in threshold of S-T M twitch to 
tail stimulation. Although Shurrager 
and Culler did this, they failed to test or 
at least to report upon this point. They 
say that these procedures “never produce 
a response to the CS” (12, p. 140). 
Neither intensity of CS nor threshold of 
reflex S-T M twitch is given. 

Unless Shurrager ef a/. had some cases 
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where the CR was not retained over a 
period of rest, the explanation offered 
herein for retention is very weak. 
_Shurrager and Culler (12, p. 147) re- 
port that a CR established in intact dogs 
persisted after cord transection as a 
conditioned S-T M twitch. Until more 
information is available as to the methods 
used to prove this statement, we are 
forced to assume that in some situations 
at least Shurrager et a/. cannot differenti- 
ate between a reflex twitch and a CR. 
Shurrager et a/. (11, 12) refer to animals 
which were maintained on artificial res- 
piration because the transection was 
above Cs. In such animals the move- 
ments of the parts innervated from above 
the transection would be reduced to a 
minimum. They do, however, intro- 
duce another variable, one very difficult 
tocontrol. Experiments performed with 
artificial respiration must be considered 
in the light of the evidence that the 
ventilation was satisfactory. That mild 
anoxia, hyper- and hypo-capnea may 
prod ce increased excitability of some 
reflex arcs in an isolated spinal cord has 
been demonstrated (8,16). The effects 


of slight but prolonged hypo or hyper- 
ventilation upon the spinal mechanisms 
involved in the conditioning situation 


are unknown. In the absence of any 
data upon the adequacy of the pulmo- 
nary ventilation in these experiments the 
results cannot be evaluated. 

As described by the original Es, spinal 
CR’s have a feature which should be dis- 
cussed further, i.e., the lack of variation 
of CR size with CS intensity. This 
phenomenon is reported as if it were a 
feature of CR evoked from intact ani- 
mals. It is generally assumed that such 
is the case with instrumental CR’s, but 
spinal conditioning is obtained in a classi- 
cal situation in which, to the best of the 
writers’ knowledge, the size of the CR 
always varies, within limits, with the 
intensity of the CS. The claim that 
spinal conditioning has this feature is in 
some ways more surprising than the pos- 


* Whether such a relationship exists between 
Ss is doubtful in view of Grant and Schneider’s 
(3) inability to substantiate it in the case of an 
eyelid CR in human Ss. 
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sibility of developing a spinal CR. The 
latter simply implies that the spinal cord 
is sufficiently plastic to develop new func- 
tional connections. The former, how- 
ever, implies that the spinal cord has 
properties not yet demonstrated in other 
parts of the central nervous system. 

On the basis of the ‘Control Experi- 
ment’ it would appear that had Shurrager 
and Shurrager conducted one in relation 
to the phenomenon they report as “‘con- 
verting a spinal CR into a reflex,” they 
would have concluded, as the writers do, 
that at least some of their results were 
due to the operation of an inherent reflex 
the threshold of which had been changed 
by the surgical procedures. This reflex 
varies with the intensity of shock to the 
tail. But the original Es reported that 
after ‘conversion’ the S-T M contracted 
totally and in an all or none manner. 

In at least one of our dogs and in the 
five studied by Shurrager and Shurrager 
the threshold did not change following 
section of the contralateral dorsal roots 
alone. The change in threshold may be 
dependent upon section of the ventral 
roots, as Shurrager and Shurrager as- 
sume, or of both ventral and dorsal roots. 
In either case it raises a problem very 
similar to that of the ‘crossed phrenic 
phenomenon,’ which is based upon the 
following observations. Hemisection of 
the spinal cord above the phrenic out- 
flow stops the respiratory movements of 
the diaphragm on that side. Following 
this, section of the contralateral phrenic 
nerve causes respiratory movements to 
re-appear in the previously inactive side. 
This phenomenon appears in dogs, cats, 
rabbits and woodchucks but not in 
monkeys or in guinea pigs (9). 


SUMMARY 


1. Twenty-seven spinal dogs were 
studied by techniques similar to those 
which Shurrager and Culler used in 
their experiments on spinal condition- 
ing. One dog displayed behavior 
which may be interpreted as a spinal 
CR but which in the authors’ opinion 
can be attributed to factors in the 
experimental situation. 
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2. Four acute spinal dogs were sub- 
jected to the surgical procedures used 
by Shurrager and Shurrager in their 
demonstration of the “conversion” of 
a spinal CR into a refiex. It was 
found that these procedures alone, 
without any conditioning, produced a 
marked decrease in threshold which 
explains the major part at least of 
their results. 

3. A number of factors are outlined 
in the discussion which may account 
for some of the phenomena referred to 
as spinal CR’s. Special attention is 
called to the complications introduced 
by the previously reported lack of re- 
lation between CR size and CS in- 
tensity. 


(Manuscript received February 23, 1949) 
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REACTIVE INHIBITION AS A FACTOR IN MAZE 
LEARNING: I. THE WORK VARIABLE! 


BY MERRELL E. THOMPSON 
New Mexico State College 


I. InrTRopuctTion 


We are all well aware that, in 
general, organisms tend to repeat 
those responses which lead to reward 
and to eliminate those followed by 
non-reward. Frequently, however, 
an organism will vary its responses in 
such a way that it avoids the immedi- 
ately preceding response even when 
that response was followed by reward. 
One explanation of such behavior is to 
be found in the principle of reactive 
inhibition. 

This principle was observed in con- 
ditioning studies by Pavlov and more 
recently Hull (1) has employed it in 
the explanation of various condition- 
ing phenomena. He assumes that 


each reaction of an organism builds 


up a state of negative motivation 
within the organism which is tempor- 
ary in character, showing spontane- 
ous dissipation after a period of time. 
He also states that, “The net amount 
of functioning inhibitory potential re- 
sulting from a sequence of reaction 
evocations is a positively accelerated 
function of the amount of work (W) 
involved in the performance of the 
response in question” (1, p. 279). 

If the reactive inhibition developed 
from a reinforced reaction is a function 
of the time interval between trials we 
would expect that in a maze situation 
where the rat is forced to repeat an 
immediately preceding response, the 
running time would be greater on the 
second response than on the first, due 
to the reduction in effective reaction 


1A preliminary report of this material was 
presented by the writer at the 1949 meeting of 
the Rocky Mountain Branch of the APA. 


potential resulting from the develop- 
ment of reactive inhibition. Further- 
more, we would expect the difference 
in running time to increase as the 
amount of work is increased if Hull is 
correct in assuming that reactive 
inhibition is a function of the amount 
of work done. 


Il. Expertmentat Procepure 


As a check on these two assumptions the data 
from a previously reported study (2) were 
analyzed. In that experiment, the purpose of 
which was to determine the functional relation- 
ship between rate of learning and the absolute 
value of the amount of work involved in making 
the response, four groups of albino rats were run 
in a learning situation consisting of a simple 
T-maze and involving the operation of two 
levers which required differential amounts of 
pressure, or work (see Fig. 1). 

The Ss were given four runs the first day and 
eight thereafter. The first two runs in each 
block of four were free runs in which both paths 
were open; on the remaining two runs the animal 
was forced to take one or the other of the paths, 
so that in the four trials two runs were made to 
each of the ‘light’ and ‘heavy’ paths. To avoid 
the development of a simple alternating response, 
the forced runs were arranged in such a manner 
as to produce one of the following patterns of 
choices during each block of four runs: RRLL, 
RLLR, LRRL, LLRR. A period of 15 min. was 
allowed to elapse between the first two trials in 
each block of four trials, while the third and 
fourth followed the second trial immediately. 

Since, in the present study, we were interested 
in the development of reactive inhibition, our 
analysis was concerned with the difference in 
running time® between two successive massed 
rewarded trials requiring the same amount of 
work. The weight values for the levers em- 
ployed were: 10, 20, 30, 40, and 60 gm., with the 
number of animals for each of these weights 
being 16, 15, 30, 14, and 14 respectively. 


2 The running time included the time between 
the point when the animal left the starting box 
sufficiently to allow the door to be dropped and 
the point when the food bar was depressed. 
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Fic. 1. 


The data of the present study were obtained 
as follows: 


1. The difference in running time upon each 
occasion an animal was forced to immediately 
repeat the same response was calculated. For 
example: if an animal ran to the 10-gm. lever in 
five sec. and was forced to repeat this response 
immediately, taking seven seconds on the second 
trial, a difference in running time of plus two was 
recorded. 

2. The medians for these time differences for 
a given weight were calculated for each animal. 

3. The mean of these individual medians was 
calculated for each weight. 


Data were also obtained in the same manner 
by taking the difference in running time between 
two successive performances of the same re- 
sponse separated by 15 min. 


Ill. Expertmentat Resutts 


The results of the present study are 
shown in Table I and are illustrated 
graphically in Fig. 2. From these 


Floor plan of the maze 


data it can be seen that, under massed 
practice, the mean running time differ- 
ences for all weights are positive; i.e., 
the time taken to make the second re- 
sponse is, in every case, longer than 
the time taken to make the immedi- 
ately preceding response. Further- 


TABLE I 


Tue Mean Dirrerence 1n Runninc Tiwz 
ToGeTHer wiry THE CaLcuLaTEeD VALUES 
Ostarnep sy Use or THE Equation, 
Ig = 00132 W* + .12537 W + .coo174 





Amount of 
Work 








10 gm. 
20 gm. 
30 gm. 
40 gm. 
60 gm. 
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10 20 30 40 60 
WORK REQUIRED TO DEPRESS LEVER(wW) 


Fic. 2. Graphical representation of the re- 
lationship of Jz (as measured by mean difference 
in running time) to work required to depress 
lever (W). ‘The empirical points for massed 
trials are indicated by solid circles and those 
obtained for distributed trials by open circles. 
The smooth curve running among the solid 
circles has been plotted from the calculated 
values given in the fourth column of Table I. 


more, this difference becomes greater 
as the amount of work increases. On 
the other hand, we note no such effect 
when the trials are separated by inter- 
vals of 15 min. In this case the mean 
running time difference for each 
weight is either zero or negative and 
no consistent trend is found as the 
amount of work increases. 


IV. Discussion 


In the present study an attempt has 
been made to measure reactive in- 
hibition indirectly by measuring dif- 
ference in running time on two suc- 
cessive performances of the same 


response. We have seen that the 
effect of reactive inhibition on running 
time is to increase it as the amount of 
work is increased. Furthermore, this 
effect is not noticed when 15 min. 
elapse between trials, due to the dis- 
sipation of inhibition. 
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It may be of some interest to ex- 
amine the form of the curve in Fig. 2 
in relation to the mathematical as- 
sumptions that Hull has made as to 
the development of reactive inhibition 
(Iz). In the submolar principle in- 
troducing this construct, Hull assumes 
that the cumulated /, is a positively 
accelerated function of the amount of 
work (W) involved in the performance 
of the response in question. The 
specific statement of this assumption 
is as follows: 

; cn 

a 3—Ww 
where n is the number of reaction 
evocations involved and ¢ and B are 
empirical constants. 

In testing this assumption of Hull’s 
we first determined the general form 
of the particular complex equation 
which would represent the empirical 
data of the present study. It was 
found that a segment of a parabola 
would closely represent the data. 
The general equation employed was: 


Ip = a W* + OW +. 


The values of the constants a, b, and 
¢ were .00132, .12537, and .000174, 
respectively. The empirical and cal- 
culated values for the various weights 
used in the experiment are shown in 
Table I and illustrated graphically in 
Fig. z. 

The result of this analysis is a sub- 
stantiation of Hull’s assumption that 
reactive inhibition is a positively ac- 
celerated function of the amount of 
work performed, i.e., the slope of the 
curve becomes greater as the amount 
of work is increased. 

While this principle of reactive 
inhibition has been employed rather 
extensively in the explanation of con- 
ditioning phenomena, it has been 
largely neglected in the area of maze 
behavior. A few of the implications 
of this principle extended to maze be- 
havior might be as follows: 


RETO an FES RU ER,., 
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1. Where there are alternative re- 
warded responses involving equal 
amounts of work, the percent of 
alternation and/or latency of response 
will (a) increase as the amount of 
work is increased under massed prac- 
tice, and (b) decrease with increasing 
time intervals between trials with 
work held constant. 

Some evidence of this appears in the 
present study when we compare the 
difference in running time on massed 
trials with that on distributed trials 
(see Fig. 2). This analysis illustrates 
the effect of reactive inhibition on 
running time and also substantiates 
Hull’s assumption regarding the dis- 
sipation of inhibition with a passage 
of time. 

Another extension of the hypothesis 
into the realm of maze behavior which 
does not involve the amount of work 
but is rather concerned with the 


effect of inhibition developed against 
the immediate repetition of the previ- 


ous activity, might lead to these ad- 
ditional implications: 


1. The act of turning right in a 
simple ‘T-maze develops inhibition 
against repeating that response for 
some time, thereby increasing the 
probability of the organism’s turning 
left on the next trial. 

2. This probability of turning left 
is increased when the organism is 
forced to make one or more successive 
right turns prior to the choice point. 

3. The number of trials required to 
learn a single choice maze will be 
increased by employing additional 
forced turns in the same direction as 
the correct choice alley, and conversely 
additional turns in the opposite di- 
rection to the correct choice alley will 
facilitate learning. 


Many aspects of maze behavior 
previously explained by such hypothe- 
ses as centrifugal swing, forward going 
tendency, goal orientation, place 
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learning, insight, and delay in rein- 
forcement confirm these implications 
and can be explained, i.e., deduced 
from the more basic principle of re- 
active inhibition. A number of criti- 
cal studies are under way in our labor- 
atory testing this extension of the re- 
active inhibition hypothesis and will 
be reported in subsequent articles. 


V. Summary 


Albino rats were given four runs the 
first day and eight thereafter in a 
T-maze involving the operation of 
levers requiring differential amounts 
of pressure. “The weight values em- 
ployed were: 10, 20, 30, 40, and 60 
gm. The difference in running time 
between two successive massed trials 
requiring the same amount of work 
was calculated for each weight in- 
volved. 

The mean difference in running time 
for the various weights were all 
positive, i.e., the time taken on the 
second run was, in every case, longer 
than the time taken to make the im- 
mediately preceding run. Further- 
more, this difference became greater 
as the amount of work increased. It 
was found that a segment of a parab- 
ola would closely represent the data. 
The general equation employed was 
Ip = aW? + bW +e. 

The results confirm Hull’s assump- 
tion that reactive inhibition is a 
positively accelerated function of work 
and also demonstrate the dissipation 
of reactive inhibition with a passage 
of time. 


(Manuscript received for immediate 
publication December 10, 1949) 
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COMMENT ON “A SEARCH FOR ‘SPINAL CONDITIONING’ 
AND FOR EVIDENCE THAT IT CAN BECOME A REFLEX” 


BY P. S. SHURRAGER AND H. C. SHURRAGER 
Physiological Psychology Laboratory, Illinois Institute of Technology 


That measurable changes in tissue 
resistance, chronaxie (1), latency (6), and 
excitability (5,8) result from bioelectric 
and biochemical changes which occur 
during conditioning is not in dispute. 
We, too, have been interested in these 
phenomena and various reports attest 
our awareness of their existence. How- 
ever, we believe that such changes and 
the concomitant adaptive behavior in 
conditioning are rather two aspects of 
the same process than cause and effect. 

The tenor of the Pinto-Bromiley paper 
suggests that these authors were pre- 
disposed to question the authenticity of 
several phenomena observed and re- 
ported by Shurrager and Culler and 
Shurrager and Shurrager. Had they, 
on the other hand, been eqaally ready 
to corroborate these observations, they 
could have interpreted their results as at 
least tentatively positive. Of the 27 
animals in their conditioning experi- 
ments, three (Dogs Nos. 2, 16, and 25) 
exhibited behavior which may have been 
spinal conditioning, although, in their 
opinion, it “can be attributed to factors 
in the experimental situation.” And 
while “behavior which may appear once 
in 27 preparations” is perhaps “beyond 
their experimental reach,” nevertheless if 
it does occur in the 27th animal it is no 
less an authentic phenomenon in that 
animal than one which occurs in all. 

Pinto and Bromiley say, with refer- 
ence to our work, “Conditioning was ob- 
tained in 98 out of 219 dogs trained but in 
another article the statement appears 
‘Failure to demonstrate conditioning 

. is invariably accompanied by hem- 
orrhage under the dura with simultane- 
ous complete loss of the unconditioned 
response.” In its context in the article 
in which it appears and with the deletion 
‘or conversion of a CR into a reflex in the 
spinal preparation’ included, this state- 
ment quite clearly refers to the animals 


under discussion in which CRs have been 
established and in which an established 
response is being checked after progres- 
sive sectioning of spinal roots. It means, 
specifically, that if a CR is present, 
failure to demonstrate it after severing 
the particular spinal roots is invariably 
accompanied by hemorrhage under the 
dura, etc. In the context given it by 
Pinto and Bromiley, the statement 
quoted is meaningless. 

The timing device used by Pinto and 
Bromiley insured a constant one second 
interval between three CS shocks, and a 
UCS shock coincidental with the third 
CS. In our work, CS and UCS were 
hand-controlled at one second intervals 
by two push-button switches. What the 
optimal temporal relationships among 
stimuli are for the spinal preparation 
has not been determined and further re- 
search should be done on this problem. 
It is possible that the intervals selected 
by Pinto and Bromiley are not optimal 
and that our conditions were better, due 
to the greater chance fluctuation incident 
to hand operation. 

The disapparence in Dog No. 2 of the 
CR during the second series of condition- 
ing trials, although extinction had not 
been complete at the end of 98 extinction 
trials, may have coincided with any 
number of changes in physiological 
status. If in the process of conditioning 
or extinction there develop in the spinal 
animal conditions associated with defeca- 
tion, urination, oestrus, priapism, respira- 
tory difficulties, or other uncontrolled 
factors, the learning process may be dis- 
organized. Even reflex responses are 
affected by these conditions (see, for 
example, the Ukhtomski phenomenon, 
2, p. 387). How the factor of being 
turned from one shoulder to the other 
affected the response in Dog No. 2 and 
whether, in fact, it was or was not so 
turned, is not clear. 
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Pinto and Bromiley state, referring to 
their suggested explanation of spinal 
conditioning phenomena, “The above 
analysis predicts that continued pres- 
entation of the UCS alone or followed by 
the CS should produce a change in 
threshold of S-T M. twitch to tail 
stimulation. Although Shurrager and 
Culler did this they failed to test or at 
least to report on this point. They say 
(3) that these procedures ‘never produce 
a response to the CS.”” This statement 
seems to us contradictory in_ itself. 
Moreover, the paragraph in our paper 
(7, p. 140) which immediately follows 
the quoted statement is “(b) Repetitions 
of the UCS followed by two CS’s have 
never given rise to the CR even when 
continued through as much as 100 
trials.” This is a definite report upon 
the point in question and. it is further 
elaborated by a footnote on backward 
conditioning. If the Pinto-Bromiley ex- 


planation is valid, backward conditioning 
would be more readily demonstrated than 
forward conditioning. 

If increased excitability of reflex mech- 


anisms due to surgical damage and/or 
hyper- or hypo-ventilation accounts for 
spinal conditioning phenomena, it is 
difficult to understand how it can also 
account for spinal extinction phenomena. 
Why, in successive periods of recondi- 
tioning and reextinction, both processes 
should proceed more rapidly is not ac- 
counted for by the increased excitability 
hypothesis. If the CR is a reflex re- 
sponse to the CS which appears as sen- 
sitivity increases, it should be as difficult 
or more difficult to extinguish in succes- 
sive periods of reextinction. Our data 
refute this. Pinto and Bromiley’s report 
on Dog No. 16 is not sufficiently detailed 
to permit analysis. Complete data on 
Dog No. 16 would interest us. 

Pinto and Bromiley quote Shurrager 
and Culler as reporting that a CR estab- 
lished in intact dogs persisted after cord 
transection as a conditioned S-T M. 
twitch and say “We are forced to assume 
that in some situations at least Shurrager 
et al. cannot differentiate between a re- 
flex twitch and a CR.” We identify a 
CR by four criteria: (1) absence at 
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original presentation of CS; (2) appear- 
ance upon presentation of the CS only 
after reinforcement with the UCS in the 
conditioning process; (3) extinguishabil- 
ity; and (4) freedom from spontaneous 
recovery (i.e., not a fatigue effect). We 
interpret the passage to mean that a CS 
of the same intensity and at the same 
location which in an intact dog elicited 
a CR which was a full contraction of the 
S-T M. will, when the cord has been 
transected, elicit in the classical condi- 
tioning situation, a diminutive twitch of 
the S-T M. characteristic of the spinal 
CR. This spinal CR conforms to the 
four criteria above and is, therefore, not a 
reflex. 

If we did not mention the difficulty of 
controlling movements in the forepart of 
the dog, it was not due to failure to en- 
counter the problem. The most effective 
immobilization results, of course, from 
high transections which necessitate arti- 
ficial respiration. Pinto and Bromiley 
say, “it is strange that Shurrager ef a/. in 
reporting on over 219 preparations do not 
mention the problem.” Since we re- 
ported that of 219 preparations 98 de- 
veloped CR’s which fulfilled our criteria, 
it may be inferred that in the remaining 
121 cases we encountered difficulties. 
Among these, the problem of immobiliz- 
ing the animal occurred. 

This statement appears in the Pinto- 
Bromiley paper: “...in a_ classical 
conditioning situation . . . , to the best 
of the writers’ knowledge, the size of the 
CR always varies, within limits, with the 
intensity of the CS.” In our work we 
were dealing with fractional parts of the 
observed muscle (i.e., with groups of 
muscle fibers innervated by single motor 
neurones). These motor units condi- 
tioned at intensities of CS subliminal to 
CS intensities producing S-T M. reflexes. 
Since some units conditioned to a CS of 
given intensity with fewer trials than 
other motor units required, when CS in- 
tensity was raised, the size of the CR did 
not increase, so long as the CS was sub- 
liminal to the S-T M. reflex. This sug- 
gests to us that the size of the CR is a 
function of the learning process and not 
merely of differential sensitivity of motor 





DISCUSSION 


units. In other words, the responses we 
observed were all-or-none phenomena. 
Since all the muscle fibers innervated by 
a conditioned motor neurone responded 
together, increasing the intensity of the 
CS to which motor units were already 
responding could not increase the size of 
the response. The eyelid response, to 
which they refer in Footnote 6, may be 
made up of a population of urits which 
are almost identical in condicionability 
and in such a case operates as an all-or- 
none response regardless of CS intensity. 

In our animals, section of the contra- 
lateral dorsal roots produced no observed 
change in size or pattern of the CR. 
Subsequent section of the designated 
ventral roots resulted in a response to 
the original CS which was progressively 
increased in size as successive contra- 
lateral roots were severed. This re- 
sponse fatigued rapidly and could not be 
extinguished. We discussed the release 
of contralateral inhibition (Pinto and 
Bromiley’s increased sensitivity) in a 
report on unilateral progression behavior 
at the Montreal Meetings of the Ameri- 
The re- 


can Physiological Society (5). 
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semblance of the behavior described to 
the Porter (4) or crossed-phrenic phenom- 
enon is marked. 


(Manuscript received May 1, 1949) 


REFERENCES 


. Cutter, E., Coaxrey, J. D., Swurracer, 
P.S., @ Aves, H.W. Differential effects 
of curare upon higher and lower levels of 
the central nervous system. Amer. J. 
Psychol., 1939, $2, 266-273. 

. Freeman, G. L. Physiological psychology. 
N. Y.: D. Van Nostrand. Co., 1948. 

. Prvro, T., &@ Bromiry, R. B. A search for 
“spinal conditioning” and for evidence 
that it can become a reflex. J. exp. 
Psychol., 1950, 40, 121-130. 

Porter, W. T. J. Physiol., 1895, 17, 455- 

. Suurracer, P. S. Unilateral progression 
without proprioception. Amer. J. Phy- 
siol., 1941, 132. 

. Saurracer, P. S., & Currer, E. Condi- 
tioning in the spinal dog. J. exp. Prsy- 
chol., 1940, 26, 133-159. 

. Suurracer, P. S., & Cutter, E. Condi- 
tioned extinction of a reflex in the spinal 
dog. J. exp. Psychol., 1941, 28, 287-303. 

. Suurracer, P. S., & Swurracer, H. C. 
Converting a spinal CR into a reflex. 
J. exp. Psychol., 1941, 29, 217-224. 














AMERICAN PSYCHOLOGICAL ASSOCIATION 


1815S Massachusetts Avenue, N.W. 
Washington 5, D. C. 


The American Psychological Association, founded in 1892 and incorporated in 1925, is 
the major psychological organization in the United States. With approximately 6,700 
members and 2,000 affiliates, it includes most of the qualified psychologists in the country. 
The purpose of the APA is to advance psychology as a science, as a profession, and as a 


Publishing psychological journals, 
service for psychologists, and working toward improved standards for psychological train- 
ing and service. 


In order to give recognition to the specialized interests of different psychologists, the 
APA includes seventeen Divisions. Any person, after becoming a member of the APA, 
may apply for membership in as many Divisions as he wishes. The Divisions are: 


Division on Evaluation and Measurement 

Division on Childhood and Adolescence 

Division of Personality and Social Psychology 

The for the Study of Social Issues—-a Division of the 
Society Psychological 


Each Division has its own officers. Each meets annually at the time and place of 
the APA meeting. Each has its own membership requirements, which in some cases are 
higher or more specialized than the requirements for election to the APA, 


The annual meetings of the APA are held in September. An attempt is made to choose 
meeting sites in such a way that attendance will be convenient for members and their guests 
in different sections of the country at different times. Thus, the 1950 meeting will be held 
on September 4 to 11 at Pennsylvania State College, and the 1951 meeting in Chicago. 
These meetings provide the members with an opportunity to present or hear reports of 
psychological research and lectures on topics of psychological interest, and to participate 
in formal and informal discussion groups. The research reports, lectures, and discussion 
groups cover varied topics of current interest within the field of psychology. 


The chief governing body of the APA is the Council of Representatives. It includes 
representatives from each of the Divisions. A Board of Directors, composed of the four 
officers of the APA (President, President-elect, Recording Secretary, and Treasurer) and 
six Council members elected by the Council, is the administrative agent of the Council and 
exercises general supervision over the affairs of the Association. 


The APA maintains an office in Washington which acts as a coordinating center for all 
APA activities. Journal subscriptions, membership applications, personnel placement 
requests, and general APA business procedures are handled in this office. 














POPULAR REPRINTS AND ARTICLES | 


American Psychological Association 
1515 Massachusetts Ave. N.W., Washington 5, D.C. 


Johnny Rocco, by Jean Evans. From the Journal of Abnormal 
and Social Psychology, July, 1948. One for 25¢; 50 for $10.00. 


A New Readability Yardstick, by Rudolf Flesch. From the Jour- 
nal of Applied Psychology, June, 1948. One for 25¢ ; 50 for $5.00. 


Tables for Use with the Flesch Readability Formulas, by J. N. 
Farr and James J. Jenkins. From the Journal of Applied Psy- 
chology, June, 1949. One for 25¢; 50 for $10.00. 


Standards for Appraising Psychological Research, by Dael 
Wolfie, Rensis Likert, Donald G. Marquis, and Robert R. Sears. 
From the American Psychologist, August, 1949. One for 10¢; 
no reduction for quantity orders. 























